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Higher-level Names for Catfishes

(Actinopterygii: Ostariophysi: Siluriformes)

Carl J. Ferraris, Jr.

Department of Ichthyology, California Academy of Sciences

Golden Gate Park. San Francisco, California 941 1

H

and

Mario C. C. de Pinna

Department oj Zoology, University of Sao Paulo, Caixa Postal 1 1461.

Sao Paulo, SP 05422-970, Brazil

A comprehensive list is provided of all family-group and other suprageneric names
proposed for the order Siluriformes. The list contains 169 names including both available

and unavailable names, whether in current usage or not. Dates and authorship for all

names are provided. In view of the present intense research activity on catflsh phylogeny

and classification, this list will be a useful reference for future work, avoiding unnecessary

proposal of new names and facilitating decisions on priority.

During the past few decades, there has been a growing interest in the study of higher-level

relationships among catfishes (Ostariophysi: Siluriformes). This interest has resulted in several

doctoral dissertations and publications on phylogenetic relationships of one or more families of

catfishes. A number of these studies have included revisions in the classification of families, with the

recognition of additional monophyletic groups above the generic level. Many of these newly-recog-

nized suprageneric groups have previously been assigned formal family-level names. Others with

informal names will likely be given formal names in the future. The tracing of family-level groups

and their dates can be difficult. A number of obscure, but available, names have been proposed in rare

or inaccessible publications and others are buried in texts on unrelated groups making their discovery

unlikely for the specialist. Because of that, the assignment of family-group names to the classification

of various catfish groups has on occasion been mistaken in both the older and modem literature. We
believe that the piecemeal correction of these errors is detrimental to the stability of the classification

of catfishes.

In anticipation of fiiture phylogenetic studies, the results ofwhich may necessitate the recognition

of more family-level groups of catfishes, we have attempted to collect all previously proposed names

among catfishes. This provides a comprehensive list that will serve as a general reference for future

classificatory works on siluriforms. We made an effort to locate all relevant names, whether or not

in current use. As groupings of catfish are reexamined, it is possible that two or more currently used

names may be synonymous at some level. Following the rules of priority, it would then be necessary

to establish which name was proposed first. To that end, we have attempted to provide the earliest

use for each of the names.

Unlike generic and specific names, use of family-level names has historically been rather

informal in ichthyology and, we believe, in zoology as a whole. Names are often cited without
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authorship or with no indication of the date of first usage. The initial proposal of family-level names

often lacks an indication that the author intended to coin a new name. The rules that govern the

formation of new family-level names are considerably less stringent than those for names at the

generic and specific level. While not advocating more strict requirements, we believe that everyone

benefits if new names are proposed with care, and that proper attribution should be made when

family-level names are used.

Methods

Throughout the paper, we refer to the third edition of the International Code of Zoological

Nomenclature (ICZN 1985) as the Code.

The name list was built on the basis of statements in the literature, deliberate search for additional

names in references, and fortuitous encounters during our reading on other topics. We benefited

greatly from access to a copy of Henry W. Fowler's draft list of fishes of the world that is on file at

the California Academy of Sciences. Fowler attempted to document the earliest usage of every

family-level name and the first proposed usage at each level within the range of family-level taxa.

We checked each citation by Fowler, and in many cases found earlier usage of a name. In some cases

we have not been able to confirm the names listed in the publications which he cited.

In the process of our search, we considered only works that are unquestionably published, thus

excluding dissertations and similar documents. This follows the criteria of publication of the Code

(Arts. 8, 9). Only names that were clearly proposed as suprageneric are included. Accordingly, all

names proposed in Cuvier (1816) and Cuvier and Valenciennes (1840), except Siluroi'des, are

unavailable because there is no evidence that they were applied at a suprageneric rank.

Names in the following list represent the earliest form we encountered of what we believe to be

a suprageneric scientific name. We have included names that have their basis in a generic name, as

well as names that have been proposed without an underlying generic name. All of the latter are

unavailable by our reading ofthe Code, and some ofthe former are likewise unusable for other reasons.

We chose to include all names in order to provide the most complete record of names proposed for

catfishes. The Code changes, and it is possible that future versions of the Code may change the status

of currently unavailable names.

In attempting to determine the availability of the names listed below, we encountered two

provisions of the Code that relate to several names, and we think it best to summarize our thoughts

here, rather than repeat our statements in each relevant account. Article 13 of the Code requires that

all new names published after 1 930 be "accompanied by a description or definition that states in words

characters that are purported to differentiate the taxon." This requirement was first stated in the second

edition of the International Code of Zoological Nomenclature (ICZN 1961), but backdated to 1930.

No equivalent provision was in force for family-group names previous to 1961, although a recom-

mendation to that effect was put forth in the Copenhagen Decisions on Zoological Nomenclature

(Hemming 1953). Therefore, a family-group name first published between 1930 and 1961 that was

based on an available generic name but without a diagnosis was validly proposed when published,

but is not now available because of the provisions of Art. 13. Within catfishes, family-group names

published in Fowler (1935), Hoedeman (1949), Fowler (1951) and Femandez-Yepez and Martin

(1953) fall into this category. By our reading of the Code these names may be made available again

by use of the name in conjunction with a diagnosis, as was done in Lundberg et al. (1991), for the

name Pseudopimelodinae.

Article 29 ofthe Code requires that family-group names be formed by the addition ofa prescribed

suffix to the stem derived from a generic name. Names first proposed prior to 1900 are exempt from

the requirement of a suffix [Art. 1 l(f)iii], provided the names have been subsequently adopted with

an appropriate suffix. The first proposal of several catfish family-group names (e.g., Loricaria
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Rafinesque, 1815, SiluroTdes Cuvier, 1816, and Hypostomiden Kner, 1 853) fit into this category and

are, by our interpretation, available. An unusual case is provided in the work of Bleeker (1858).

Suprageneric names of the ranks of subfamily, stirps, and cohors were provided with standardized

suffixes added to generic stems. The type genera of the names were not designated but can be inferred

from the generic stem. However, in two cases, subfamily-level names are somewhat ambiguous with

regard to the type genus. The Silurichthyoidei included the genera Silurus and Silurichthvs, and the

Bagrichthyoidei included Bagrus and Bagrichthys. Bleeker ( 1 858) uniformly used the complex suffix

-ichthyoidei for subfamily names (e.g., Sisorichthyoidei for Sisor, and Plotosichthyoidei for Ploto-

sus). As such, we conclude that Silurus and Bagrus were the intended types for the Silurichthyoidei

and Bagrichthyoidei, respectively.

FORM OF PRESENTATION

In the list below, we provide the family-level name as originally spelled, its author, date of

publication and, when specified, original rank. We list the names in alphabetical order, and at the end

of each account we provide the current familial allocation of its type genus. For a name with no type

genus, we inferred the current familial placement on the basis of included taxa, even though the name
is not available. For a name that is based on a generic name, we also include the type genus with

corresponding author and date of publication.

Information relating to the type genus was not always complete in the publication in which the

family-level name was first used. We copied all pertinent information provided in the publication,

whether it was associated directly with the proposed name or found elsewhere in the text. Additional

information about the type genus that was not found in the publication, but inferred by us, is enclosed

in brackets. In all cases, we agree with Eschmeyer and Bailey (in Eschmeyer 1 998) on the source and

date of publication of the generic names. Therefore, literature citations that relate only to generic

names are not included here, but can be found in Eschmeyer (1998). Generic names preceded by a

dagger (t) indicate a name proposed for a fossil taxon.

Unless otherwise noted, we consider the names listed to be available. Appendix 1 shows the same

list arranged according to currently valid families. The spelling provided for currently-used family

names follows Steyskal ( 1980). We note that the spellings recommended in Steyskal (1980) are not

uniformly adopted (e.g.. Nelson 1996; Eschmeyer 1998). However, as no alternative explanation of

the derivation of these names has been more recently published, we continue to use Steyskal's

spellings.

Family-Level Names of Siluriformes

Acanthicini Bleeker, 1862:2 (stirps). Type genus: Acanthicus Spix [Spix and Agassiz, 1829].

Loricariidae.

Acestridiinae Isbriicker and Nijssen. 1974:67, 68 (subfamily). Type genus: Acestridium Haseman,

1911. Loriicariidae.

Acestrini Bleeker, 1 862:4 (stirps). Type genus: Acestra Kner, [ 1 853]. Permanently invalid, following

Art. 39 of the Code. Acestra Kner is preoccupied by Dall, 1852, in Hemiptera. Loricariidae.

Acrochordonichthyini de Pinna, 1996:61 (tribe). Type genus: Acrochordonichthys Bleeker, 1858.

Akysidae.

Ageneiosi Bleeker, 1862:14 (phalanx). Type genus: Ageneiosus Lac [La Cepede, 1803]. Auchenip-

teridae.

Ailichthyoidei Bleeker, 1 858:ix, 49, 248 (subfamily). Type genus: Ailia Gray, [1831]. Also proposed

in the same publication as phalanx Ailianini Bleeker, 1858:ix, 49. Schilbidae.

Akyses Gill, 1861b:52 (group). Type genus: Akysis Bleeker, [I860]. Akysidae.



4 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES
Volume 51. No. 1

Amblycepinae Day, 1873:cclxviii (subfamily). Type genus: Amhlyceps Blyth, 1858. Amblycipitidae.

Amiurina Gunther, 1864:98. Type genus: Amiurus [Ameiurm Rafinesque, 1820]. The family-level name

must be corrected to Ameiurina, following Art. 35(d) of the Code. Ictaluridae.

Amphiliidae Regan, 191 1:565 (family). Type genus: Amphilius [Gunther, 1864]. Also proposed in same

publication as subfamily Amphiliinae. Amphiliidae.

AnchariidaeGlavvand Vences, 1994:380 (family). Type genus: /}/?c/7fl/mv Steindachner, 1881. Glaw and

Vences cite de Pinna's unpublished dissertation and a then-unpublished manuscript by Stiassny as

the source of this family name. Stiassny and Raminosoa (1994:140, footnote 4) also use the name,

but do not provide characters that purport to differentiate the family, as required in Art. 13 of the

Code. Thus, it appears that Glaw and Vences provide the first published use of the name Anchariidae

that satisfies the requirements of availability. Anchariidae.

Ancistri Kner, 1854:6 (Untergruppe). Type genus: Ancistrus Kner, 1854. Proposed as an alternate name

for Lictores. First used in Kner ( 1 853:282) but not available from that publication because Ancistrus

was not yet published. Loricariidae.

Andinichthyidae Gayet, 1988:833 (family). Type genus: t Andinichthys Gayet, 1988. Andinichthyidae.

Anesipoma Latreille, 1825:125 (tribe). Not available. Not based on a generic name. Incertae sedis.

Anodontes Bleeker, 1858:49, 245 (phalanx). Listed with Hypophthalmus as sole included genus. Not

available, not based on a generic name. Pimelodidae.

Argeini Bleeker, 1862:15 (stirps). Type genus: Arges Val [Valenciennes, in Cuvier and Valenciennes,

1840]. Astroblepidae.

Arii Bleeker, 1862:7, 25 (phalanx). Type genus: Arius Val [Valenciennes, in Cuvier and Valenciennes,

1840]. Ariidae.

Ariobagri Bleeker, 1862:10 (phalanx). Not available, not based on a generic name. Incertae sedis.

Ariodontes Bleeker, 1858:49, 57 (phalanx). Not available, not based on a generic name. Incertae sedis.

Aspidoradidi Hoedeman, 1952:4 (tribe). Type genus: Aspidoras Ihering, 1907. Callichthyidae.

Aspredinae Swainson, 1838:332, 354 (subfamily). Type genus: Aspredo Artedi [= Aspredo Swainson,

1838, not Aspredo Scopoli, 1777]. Also in Swainson, 1839:189, 308. Permanently invalid, as the

name is based on a junior homonym (ICZN 1985, art. 39). Aspredinidae.

Aspredinidae Adams et al., 1854:107 (family). Type genus: [Aspredo? Scopoli, 1777]. It is not clear

whether this name is based on Aspredo Scopoli or on Aspredo Swainson, 1 838. The diagnosis of the

family indicates the presence of a "first pectoral ray generally excessively developed,'" which is not

consistent with the description of Swainson. If this name is not considered available, the next name

that dates to Aspredo Scopoli is Aspredinoidei (Bleeker, 1858:327; also Aspredinini). Bleeker's

Aspredo comes from usage of Valenciennes (in Cuvier and Valenciennes, 1840), which is based on

Aspredo of Gronovius (1763), on which Scopoli also based his Aspredo. Aspredinidae.

Astephinae Grande and Lundberg, 1 988: 1 46 (subfamily). Type genus: f Astephiis Cope, 1 873. Ictaluridae.

Astroblepi formes Bleeker, 1862:15 (subfamily). Type genus: Astroblepus Humb [Humboldt, 1805].

Astroblepidae.

Astrophysi Bleeker, 1862:7 (phalanx). Type genus: Asterophysus Kner, [1858]. The family-level name

must be corrected to Asterophysi, following Art. 35(d) of the Code. Auchenipteridae.

Auchenipterini Bleeker, 1862:14 (stirps). Type genus: Auchenipterus Val [Valenciennes, in Cuvier and

Valenciennes, 1840]. Eigenmann and Eigenmann (1890) synonymized Eiumemus Miiller and Tro-

schel, 1842, into Auchenipterus and adopted the name Auchenipterinae over the older Euanemini

Bleeker, 1858. Since then, Euanemini has not been used. Article 40(b) of the Code allows for the

continued usage of a generally-accepted, junior family-level synonym over an unused older name and

provides an example that closely resembles the situation here. By this provision of the Code, the name

Auchenipterini is to be considered a senior synonym of Euanemini. Auchenipteridae.

Auchenoglanidinae Jayaram, 1966:1 1 19 (subfamily). Type genus: Auchenoglanis Gunther, 1864. Claro-

teidae.
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Austroglanididae Mo, 1991:160 (family). Type genus: Austroglanis Skelton, Risch and Vos, 1984.

Austroglanididae.

Bagarina Gunther, 1864:3, 9, 183 (group). Type genus: Bagarius Bleeker, [1853]. Sisoridae.

Bagreidae Schultz, 1944:182 (family). Type genus: Bagre Oken, 1817. Ariidae.

Bagrichthyes Bleeker, 1862:8, 48 (phalanx). Type genus: Bagrichthys Bleeker, 1858. Bagridae.

Bagrichthyoidei Bleeker, 1858:49, 54 (subfamily). Type genus: Bagrus Blkr. [= Bosc, 1816]. Also

proposed as cohors Bagrini in the same publication (p. 49, 64). Based on the style of Bleeker's

subfamily name generation, we consider this name available with Bagrus, and not Bagrichthys

Bleeker, as type. Bagridae.

Bagroidinae Jayaram, 1968:371 (subfamily). Type genus: Bagroides Bleeker, 1851. Bagridae.

Batasinae Tilak, 1967:431 (subfamily). Type genus: Batasio Blyth, 1860. Bagridae.

Batrachocephalinae Gill, 1893:132 (subfamily). Type genus: [Batrachocephahis] Bleeker, [1846].

Ariidae.

Bunocephalini Bleeker, 1858:xi, 328 (phalanx). Type genus: Bimocephalus Kner, [1855]. Aspredini-

dae.

Callichthini Bonaparte, 1 838: 1 3 1 (subfamily?). Type genus: [Callichthys Scopoli. 1 777]. Callichthy-

idae.

Callophysinae Eigenmann, 1890:12 (subfamily). Type genus: [Callophysus, = Calophysus MuUer

and Troschel, 1842]. Generic and subfamily names spelled consistently throughout Eigenmann,

1890 (also in Eigenmann and Eigenmann 1890:6, 7, 94) following changed spelling in MuUer

and Troschel ( 1 849), which is a misspelling (and not an unjustified emendation). Because of this,

the spelling Callophysinae is a based on a misspelled generic name and must be corrected to

Calophysinae. Pimelodidae.

Cascaduridi Hoedeman, 1952:3 (tribe). Type genus: Cascadura Ellis, 1913. Callichthyidae.

Centrochirinae Fowler, 1951:3 (subfamily). Type genus: Centrochir Agass'iz, 1829. This name was

available when published, but it does not now meet the criterion for availability specified in Art.

13 of the Code and is therefore unavailable. Doradidae.

Centromochli Bleeker, 1862:7 (phalanx). Type genus: Centromochlus Kner, [1858]. Auchenipteri-

dae.

Cetopsini Bleeker, 1858:49, 250, 257 (phalanx). Type genus: Cetopsis Ag [Agassiz, 1829]. Cetopsi-

dae.

Chacini Bleeker, 1858:49, 310, 322 (phalanx). Type genus: Chaca CV [= Gray, 1831]. Chacidae.

Chaetostomidi Fowler, 1958:14 (tribe). Type genus: Chaetostomus Meckel, [1846]. Loricariidae.

Chiloglanidinae Riehl and Baensch, 1990:396 (Unterfamilie). Type genus: [Chiloglanis Peters,

1868]. Mochokidae.

Chrysichthyinae Regan, 1911:561. Type genus: Chysichthys [Bleeker, 1863]. Also mistakenly

proposed as new in Jayaram (1966). Claroteidae.

Clariini Bonaparte, 1846:5 (subfamily?). Type genus: [Clarias Scopoli, 1777]. Clariidae.

Claroteini Bleeker, 1862:4 (stirps). Type genus: Clarotes Kner, [1855]. Claroteidae.

Clypeati Kner, 1853:282. Not available, not based on a generic name. Proposed as a subgroup of

Loricariidae for Sisor. Sisoridae.

Continae de Pinna, 1996:64 (subfamily). Type genus: Conta Hora, 1950. Erethistidae.

Copionodontinae de Pinna, 1992:179 (subfamily). Type genus: Copionodon de Pinna, 1992.

Trichomycteridae.

Corydoradinae Hoedeman, 1952:4 (subfamily). Type genus: Cotydoras La Cepede, 1803. Also

proposed as a new tribe Corydoradidi in the same publication. Callichthyidae.

Cranoglanidae Myers, 1931:355 (family). Type genus: Cranoglanis Peters, 1880. Cranoglanididae.

Cyclopidae Eigenmann, 1910:416 (family). Type genus: Cyclopium Swainson, 1838. Astroblepidae.

Dianemidi Hoedeman, 1952:4 (tribe). Type genus: Dianema Cope, 1872. Callichthyidae.
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Diplomystidae Eigenmann, 1890:14 (family). Type genus: Diplomystes [Bleeker, 1858]. Diplomystidae.

Dipteronotes Dumeril, 1 856:479 (family). Not available. Proposed for a broad array of catfish genera, but

not on an available generic name. Incertae sedis.

Doiichthyidae Weber 1913:532 (family). Type genus: Doiichthys, Weber 1913. Ariidae.

Doradini Bleeker, 1858:48, 52 (phalanx). Type genus: Doras CV [= La Cepede, 1803]. Doradidae.

Doumeinae Regan, 191 1:554. Type genus: [Doumea Sauvage, 1879]. Amphiliidae.

Eremophilini Bonaparte, 1846:5 (subfamily?). Type genus: [Eremophilus Humboldt, 1805].

Trichomycteridae.

Erethistides Bleeker, 1862:13 (phalanx). Type genus: Eretbistes Miill. Trosch. [Muller and Troschel,

1849]. Erethistidae.

Euanemini Bleeker, 1858:49, 189 (cohors). Type genus: Eiianemus Muller and Troschel, [1842].

Auchenipteridae.

Exostomatina Gunther, 1864:264. Type genus: Exostoma Blyth, [I860]. Sisoridae.

Farlowellidi Fowler, 1958:14 (tribe). Type genus: Farlowella Eigenmann and Eigenmann, [1889].

Loricariidae.

Gephyroglanidini Jayaram, 1966:1099 (tribe). Type genus: Gephyroglanis Boulenger, 1899. Claroteidae.

Glanapteryginae Myers, 1 944:592 (subfamily). Type genus: Glanapteiyx Myers, 1 927. Trichomycteridae.

Glani Latreille, 1825:125 (tribe). Not available. Proposed for a broad array of catfish genera, but not on a

generic name recognized as valid or even available at that time. Incertae sedis.

Glyptostemi Gill, 1861b:53 (group). Type genus: Glyptostermim McClelland, [1842]. Sisoridae.

Glyptothoracini de Pinna, 1996:64 (tribe). Type genus: Glyptothorax Blyth, 1860. Sisoridae.

Goniodontes Kner, 1853:279 (family). Not available, not based on a generic name. Used as an alternative

name for Loricata Kner, 1853. Loricariidae.

Harttiinae Boeseman, 1971:4, 10 (subfamily). Type genus: Harttia Steindachner, 1876. Loricariidae.

Helogenidae Regan, 191 1:573 (family). Type genus: Helogenes [Giinther, 1863]. Cetopsidae.

Hemidoradinae Fowler, 1951:3 (subfamily). Type genus: Hemidoras Bleeker, 1858. Available when

published, but does not meet availability criterion as now specified in Art. 1 3 of the Code. Doradidae.

Hemiodontichthyina Isbriicker, 1979a:88, 89 (subtribe). Type genus: Hemiodontichthys Bleeker, 1862.

Loricariidae.

Hemipimelodinae Gill, 1861b:46 (subfamily). Type genus: [Hemipimelodus Bleeker, 1858]. This subfa-

milial name is mentioned briefly in the text, noting that only one genus is included. Ariidae.

Heptapterinae Gill, 1861b:54 (subfamily). Type genus: Heptaptenis Bleeker, [1858]. Pimelodidae.

Heterobranchia Latreille, 1825:125 (tribe). Not available. Proposed for a group consisting of the genera

Plotose [sic] and Macropterotere [sic] and therefore not based on a genus recognized as valid in that

publication.

Heterobranchoidei Bleeker, 1 858:33, 37,41, 333 (family). Type genus: Heterohranchus Geoffr [Geoffroy

St. Hiiaire, 1808]. The name Heterobranchini is also proposed in the same publication. Clariidae.

Heteropneustidae Hora, 1936:209 (family). Type genus: Heteropneustes Muller, 1840. Heteropneustidae.

Hopliancistrini Isbriicker and Nijssen, 1989:543 (tribe). Type genus: Hopliancistnis Isbriicker and

Nijssen, 1989. Loricariidae.

Hoplomizoninae Femandez-Yepez, 1950:113 (subfamily). Type genus: Hoplomyzon [Myers, 1942].

Spelling of name incorrectly derived from type genus. Correct spelling is Hoplomyzontinae, as

currently recognized. Aspredinidae.

Hoplosterninae Miranda Ribeiro, 1959:1 (Grupo). Type genus: Hoplostenmm Gill, 1858. Callichthyidae.

Hypophthalmini Bleeker, 1862:15 (stirps). Type genus: Hypophthalmm Spix [Spix and Agassiz, 1829].

Pimelodidae.

Hypoptopominae Eigenmann and Eigenmann, 1890:8, 12, 353, 388 (subfamily). Type genus: Hypop-

topoma Gunther, 1868. Spelling of name incorrectly derived from type genus. Correct spelling is

Hypoptopomatinae, as currently recognized. Loricariidae.
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Hypostomiden Kner, 1853:279. Type genus: Hypostomus La Cepede, 1803. Loricariidae.

Hypsidoridae Grande, 1987:28 (family). Type genus: t Hypsidoris Lundberg and Case, 1970. Also

as superfamily Hypsidoroidea in the same publication. Hypsidoridae.

Ichthyaelurinae Meek, 1 904: 1 (subfamily). Type genus: Ichthyaelurus [= Ichthaeliirus] Cope, 1 868.

The family-group name must be corrected to Ichthyaelurinae, following Art. 35(d) of the Code.

Ictaluridae.

Ictaluri Gill, 1861b:49 (group). Type genus: Ictalurus Raf [Rafmesque, 1820]. Ictaluridae.

Inermes Kner, 1853:282. Not available, not based on a generic name. Proposed as an alternate name

for Clypeati, a subgroup of Loricata, for Sisor Hamilton, 1822. Sisoridae.

Kryptopterini Bleeker, 1862:18, 85 (stirps). Type genus: Kiyptopterus Bleeker, [1858]. Siluridae.

Laguviini de Pinna, 1996:65 (tribe). Type genus: Laguvia Hora, 1921. Erethistidae.

Lictores Kner, 1853:282, 1854:255. Not available, not based on a generic name. Proposed as an

alternate name for Ancistri. Loricariidae.

Lithodoradinae Fowler, 1951:3 (subfamily). Type genus: L/Y/70^ora5 [Bleeker, 1862]. Available when

published, but does not meet availability criterion as now specified in Art. 13 of the Code.

Doradidae.

Lithogeneinae Gosline, 1947:80 (subfamily). Type genus: Lithogenes Eigenmann, 1909. Correct

spelling should be Lithogeninae, as currently adopted. Loricariidae.

Lithoxina Isbriicker, 1980:77 (subtribe). Type genus: Lithoxiis Eigenmann, 1910. Loricariidae.

Loricaria Rafmesque, 1815:89 (subfamily). Type genus: Loricaria Linnaeus, 1758. Loricariidae.

Loricariichthyina Isbriicker, 1979a:87, 89 (subtribe). Type genus: Lohcariichthys Bleeker, 1862.

Loricariidae.

Luciopimelodinae Driver, 1919:451 (subfamily). Type genus: Luciopimelodus Eigenmann and

Eigenmann, 1888. Pimelodidae.

Malapterurini Bleeker, 1858:ix (subfamily). Type genus: Malapterurus Lac [La Cepede, 1803].

Malapteruridae.

Metaloricariina Isbriicker, 1979a:88, 90 (subtribe). Type genus: Metalohcaria, Isbriicker 1975.

Loricariidae.

Mochokidae Jordan, 1923:150 (family). Type genus: Mochokus Joannis, 1835. Mochokidae.

Mystidae Fowler, 1935:275. Type genus [Mystiis Scopoli, 1777]. This name was available when
published, but it does not meet the criterion for availability as now specified in Art. 13 of the

Code and is therefore unavailable. Mystini Hoedeman, 1949, is similarly unavailable. Bagridae.

Nangrina de Pinna, 1996:62 (subtribe). Type genus: Nangra Day, 1876. Sisoridae.

Nematogenyini Bleeker, 1 862: 16 (stirps). Type genus: Nematogenys Girard, 1 854. Nematogenyidae.

Nematognathi Gill, 1861a:ll, 56 (order). Not available as a family-group name, not based on a

generic name. Proposed as an alternate name for Siluriformes.

Neoplecostominae Regan, 1904:306 (subfamily). Type genus: Neoplecostomus Eigenmann and

Eigenmann, 1888. Loricariidae.

Olyrinae Gill, 1893:132 (subfamily). Type genus: Olyra, McClelland 1842. Bagridae.

Oplophoria Rafmesque, 1815:88 (family). Not available as a family-group name, not based on a

generic name. Apparently the first collective name for fishes now called Siluriformes.

Osteogeniosinae Fowler, 1951 :3 (subfamily). Type genus: Osteogeneiosus Bleeker, 1846. Available

when published, but does not meet availability criterion as now specified in Art. 1 3 of the Code.

Ariidae.

Otocinclini Isbriicker, 1979b:l 14 (tribe). Type genus: Otocinclus Cope, 1871. Loricariidae.

Otothyrini Schaefer, 1991:31 (tribe). Type genus: Otothyris Myers, 1927. Loricariidae.

Pangasianodonidi Fowler, 1 958: 1 4 (tribe). Type genus: Pangasianodon Chevey, [ 1 930]. Pangasiidae.

Pangasini Bleeker, 1858:49, 63 (cohors). Type genus: Pangasius CV [Valenciennes, in Cuvier and

Valenciennes, 1840]. Pangasiidae.
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Parakysidae Roberts, 1989:141 (family). Type genus: Parakysis Herre, 1840. Akysidae.

Pareiodontinae Eigenmann, 1 9 1 8:261 (subfamily). Type genus: Pareiodon Kner, 1 855. Trichomycteridae.

Pelteobagrini Jayaram, 1966:1071 (tribe). Type genus: Pelteobagrus Bleeker, 1865. Bagridae.

Phalacronotini Bleeker, 1862:18, 90 (stirps). Type genus: Phalacronotus Bleeker, [1858]. Siluridae.

Phreatobinae Reichel, 1927:383 (subfamily). Type genus: Phreatobius Goeldi, 1905. Pimelodidae.

Pimelodinae Swainson, 1838:331, 338 (subfamily). Type genus: Pimelodus [La Cepede, 1803]. Also as

Pimelodi in the same publication. Priority over Pimelodini Bonaparte, 1838, not established. Pi-

melodidae.

Pimelodini Bonaparte, 1 838: 1 3 1 (subfamily?). Type genus: [Pimelodus La Cepede, 1 803]. See Pimelodi-

nae Swainson. Pimelodidae.

Pinirampidae Femandez-Yepez, 1 965: 1 2 (family). Type genus: [Pinirampus Bleeker, 1 858]. Pimelodidae.

Planiloricariina Isbriicker, 1979a:87, 89 (subtribe). Type genus: Planilohcaria Isbriicker, 1971 . Loricari-

idae.

Platystacinae Eigenmann and Eigenmann, 1890:9,13,20 (subfamily). Type genus: Platystacus Bloch,

1 794. Aspredinidae.

Plecostomiformes Bleeker, 1862:2 (subfamily). Type genus: Plecostonms Gron [Gronovius, 1763]. Also

as stirps Plecostomini in the same publication. Not available, based on a name in a publication that

was placed on the Official Index of Rejected and Invalid Works in Zoology, Opinion 261 (in Melville

and Smith, 1987). Loricariidae.

Plotosichthyoidei Bleeker, 1858:49, 310 (subfamily). Type genus: Plotosiis Lacep [La Cepede, 1803].

Also phalanx Plotosini in the same publication. We consider this name to be available, with Plotosus

as the type, based on the style of Bleeker's publication and the definite reference to a single genus.

Plotosidae.

Porcinae Fowler, 1915:219 (subfamily). Type genus: Porcus Geoffroy St. Hilaire, 1808. Not available,

based on a generic name that was placed on the Official Index of Rejected and Invalid Generic Names

In Zoology, Opinion 1402 (in Melville and Smith, 1987). Bagridae.

Pseudacanthicini Isbriicker, 1980:76 (tribe). Type genus: Pseudacanthicus Bleeker, 1 862. Also as subtribe

Pseudacanthicina in the same publication. Loricariidae.

Pseudauchenipterini Bleeker, 1862:6 (stirps). Type genus: Pseudauchenipterus Bleeker, [1862]. Also as

phalanx Pseudauchenipteri in the same publication. Auchenipteridae.

Pseudecheneidina de Pinna, 1996:64 (subtribe). Type genus: Pseudecheneis Blyth, 1860. Sisoridae.

Pseudopimelodidae Femandez-Yepez and Martin, 1953:234 (family). Type genus: Pseudopimelodus

Bleeker, 1858. Available when published, but does not meet availability criterion as now specitled

in Art. 13 of the Code. Mistakenly considered as earliest available proposition of the name by

Silfvergrip (1992:305). This name was also used in subsequent papers by A. Femandez-Yepez, but

without associated diagnostic characters. Pimelodidae.

Pseudopimelodinae Lundberg et al., 1991 :204 (subfamily). Type genus: Pseudopimelodus Bleeker, 1 858.

Pimelodidae.

Pteronotidae Adams et al., 1854:107 (family). Type genus: [Pteronotus Swainson, 1839]. Permanently

invalid, as Pteronotus Swainson is a junior homonym of Pteronotus Gray, 1837 (Mammalia)

(McKenna and Bell, 1997). Pimelodidae.

Pygidiidae Eigenmann and Eigenmann, 1 888:649 (family). Type genus: Pygidium Meyen, 1 835. There is

apparently a discrepancy between Meyen's (1835) original and Eigenmann and Eigenmann's sub-

sequent notions of Pygidium. Refer to Tchemavin (1944) for a detailed account of the problem. The

name Pygidiidae in virtually all the literature refers to the group known today as Trichomycteridae.

Trichomycteridae.

Reganellina Isbriicker, 1979a:87, 89 (subtribe). Type genus: Reganella Eigenmann, 1905. Loricariidae.

Rhamdiae Bleeker, 1862:1 1, 60 (phalanx). Type genus: Rhamdia Bleeker, 1858. Pimelodidae.

Rhinoglanina Gunther, 1864:4, 10, 216 (group). Type genus: Rhinoglanis Gunther, 1864. Mochokidae.
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Ricolina Isbriicker, 1 98 1 :54 (subtribe). Type genus: Ricola Isbriicker and Nijssen, 1 978. Loricariidae.

Rineloricariina Isbriicker, 1979a:87, 89 (subtribe). Type genus: Rinelovicaria Bleeker, 1862. Lori-

cariidae.

Ritae Bleeker, 1862:8 (phalanx). Type genus: Rita Blkr. [Bleeker, 1858]. Bagridae.

Saccobranchini Bleeker, 1858:xi, 336 (phalanx). Type genus: Saccobranchus [Valenciennes, in

Cuvierand Valenciennes, 1840]. Heteropneustidae.

Sarcoglanidinae Myers and Weitzman, 1966:278 (subfamily). Type genus: Sarcoglanis Myers and

Weitzman, 1966. Trichomycteridae.

Schilbeini Bleeker, 1858:49, 250, 256 (phalanx). Type genus: Schiihe Valenc. ex parte [= Oken.

1817]. Schilbidae.

Scleracanthi Miranda-Ribeiro, 1 9 1 7:49 Not available as a family-group name, not based on a generic

name. Proposed as an alternate name for Siluriformes or Nematognathi.

Scoloplacinae Bailey and Baskin, 1976:5 (subfamily). Type genus: Scoloplax Bailey and Baskin,

1976. Scoloplacidae.

Siluranodontinae Regan, 191 1:568. Type genus: Silwanodon [Bleeker 1858]. Schilbidae.

Silurichthyoidei Bleeker, 1858:49, 249 (subfamily). Type genus: Silunis L CV [= Linnaeus, 1758].

Both Silurus and Siluhchthys were included in Bleeker's subfamily Silurichthyoidei, leaving

some doubt regarding the type genus. We believe the name to be based on Silurus, because of

Bleeker's convention of generating subfamily names by adding -ichthyoidei to the generic root.

Therefore, we do not consider this name to be available as a family-group name based on

Silurichthys. Siluridae.

Siluridae Anomalopterae Gunther, 1864:3, 7, 66 (subfamily). Not available, not based on a generic

name.

Siluridae Branchicolae Gunther, 1864:4, 12, 276 (subfamily). Not available, not based on a generic

name.

Siluridae Heteropterae Gunther, 1 864:2, 5, 30 (subfamily). Not available, not based on a generic name.

Siluridae Homalopterae Gunther, 1864:2, 5, 13 (subfamily). Not available, not based on a generic

name.

Siluridae Opisthopterae Gunther, 1 864:4, 12,271 (subfamily). Not available, not based on a generic

name.

Siluridae Proteropodes Gunther, 1864:4, 1 1, 222 (subfamily). Not available, not based on a generic

name.

Siluridae Proteropterae Gunther, 1864:3, 7, 69 (subfamily). Not available, not based on a generic

name.

Siluridae Stenobranchiae Gunther, 1864:3, 10, 191 (subfamily). Not available, not based on a generic

name.

SiluroTdes Cuvier, 1816: 199. Type genus: [^zV/^rw.? Linnaeus, 1758]. Available as a family-level name

for Siluridae. Originally used for the group generally known as Siluriformes. Siluridae.

Simuldentinae Taveme and Aloulou-Triki, 1 974:64 (subfamily). Not available, not based on a generic

name. Mochokidae.

Sisorichthyoidei Bleeker, 1858:48, 50 (subfamily). Type genus: Sisor Buch. [Hamilton, 1822].

Sisoridae.

Sorubinae Swainson, 1838:356 (also Swainson, 1839:190, 309) (subfamily). Type genus: Soruhium

{- Sorubim) Spix [Spix and Agassiz, 1829]. Sorubium Swainson, 1838, is an emendation of

Sorubim, which Swainson (1838:356) concluded was "no doubt a misprint." As Swainson's

Sorubinae was based on an available generic name which he treated as valid, it is an available

name, but with Sorubium as its type. Pimelodidae.

Spectracanthicina Isbriicker and Nijssen, 1989:544 (subtribe). Type genus: Spectracanthicus Nijssen

and Isbriicker, 1987. Loricariidae.
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Stegophilina Gunther, 1864:5, 12, 276 (group). Type genus: Stegophihis Reinhardt, 1 858. Trichomycteri-

dae.

Synodontini Bleeker, 1862:6 (stirps). Type genus: Synodontis Cuv [Cuvier, 1816]. Mochokidae.

Tachysurinae Eigenmann, 1890:12 (subfamily). Type genus: Tachysurus La Cepede, 1803. Ariidae.

Torpedininae Fowler, 1915:225 (subfamily). Type genus: Torpedo [Forsskal, 1775]. Permanently invalid,

as the name is based on a junior primary homonym of Torpedo Houttuyn, 1 764.

Trachelyopterini Bleeker, 1858:49, 250, 257 (phalanx). Type genus: Trachelyopterini [Trachelyopterus]

CV [Valenciennes, in Cuvier and Valenciennes, 1840]. See also entry above on Auchenipteridae.

Auchenipteridae.

Trichomycterini Bleeker, 1858:49, 250, 257 (phalanx). Type genus: Trichomycterus CV [Valenciennes,

1833]. Trichomycteridae.

Tridentinae Eigenmann, 1918:275 (subfamily). Type genus: Tridens Eigenmann and Eigenmann, 1889.

Trichomycteridae.

Trichogeninae Isbrucker, 1986:276 (subfamily). Type genus: Trichogenes Britski and Ortega, 1983.

Trichomycteridae.

Vandelliini Bleeker, 1862:17 (stirps). Type genus: Vandellia Valenciennes, 1846. Trichomycteridae.

Vorhisiidae Frizzell, 1965:179 (family). Type genus: t Vorhisia Frizzell, 1965. Ariidae.
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Appendix 1

Catfish family-group names arranged alphabetically within current familes. Arrangement of

families follows Nelson (1994), with modifications by Mo (1991), de Pinna and Vari (1995) and de

Pinna (1996). Available family-group names, except those that are ruled permanently invalid, are in

bold face. Nam'=;s originally based on incorrect spelling ofgeneric root are corrected; variant spellings

not included.

Akysidae

Acrochordonichthyini de Pinna. 1996

AkysesGill. 1861b'

Parakysidae Roberts, 1989

Amblycipitidae

Amblycepinae Day, 1873

Amphiliidae

Amphiliidae Regan, 1911

Doumeinae Regan, 1911

Anchariidae

Anchariidae Glaw and Vences, 1994

Andinichthyidae

Andinichthyidae Gayet, 1988

Ariidae

AriiBleeker, 1862

Bagreidae Schultz, 1944

Batrachocephalinae Gill, 1893

Doiichthyidae Weber, 1913

Hemipimelodinae Gill, 1861b

Osteogeniosinae Fowler, 1951

Tachysurinae Eigenmann, 1890

Vorhisiidae Frizzell, 1965

Aspredinidae

Aspredinae Swainson, 1838

Aspredinidae Adams et al., 1854

Bunocephalini Bleeker, 1858

Hoplomyzontinae Fernandez-Yepez, 1950

Platystacinae Eigenmann and Eigenmann,

1890

Astroblepidae

ArgeinI Bleeker, 1862

Astroblepiformes Bleeker, 1862

Cyclopidae Eigenmann, 1910

Auchenipteridae

Ageneiosi Bleeker, 1862

Asterophysi Bleeker, 1862

Auchenipterini Bleeker, 1862

Centromochli Bleeker, 1862

Euanemini Bleeker, 1858

Pseudauchenipterini Bleeker, 1862

Trachelyopterini Bleeker, 1858

Austroglanididae

Austroglanididae Mo, 1991

Bagridae

Bagrichthyes Bleeker, 1862

Bagrichthyoldei Bleeker, 1858

Bagroides Bleeker, 1851

Batasinae Tilak. 1967

Mystidae Fowler, 1935

Mystini Hoedeman, 1949

OlyrinaeGill, 1893

Pelteobagrini Jayaram, 1966

Porcinae Fowler, 1915

Ritae Bleeker, 1862

Callichthyidae

Aspidoradidi Hoedeman, 1952

Callichthini Bonaparte, 1838

Cascaduridi Hoedeman, 1952

Corydoradinae Hoedeman, 1952

Dianemidi Hoedeman, 1952

Hoplosterninae Miranda Ribeiro, 1959

Cetopsidae

Cetopsini Bleeker, 1858

Helogenidae Regan, 1911

Chacidae

Chacini Bleeker, 1858

Clariidae

Clariini Bonaparte, 1846

Heterobranchoidei Bleeker, 1858

Saccobranchini Bleeker, 1858

Claroteidae

Auchenoglanidinae Jayaram, 1966

Chrysichthyinae Regan, 1911

Claroteini Bleeker, 1862

Gephyroglanidini Jayaram, 1966

Cranoglanididae

Cranoglanidae Myers, 1931

Diplomystidae

Diplomystidae Eigenmann, 1890

Doradidae

Centrochirinae Fowler, 1951

Doradini Bleeker, 1858

Hemidoradinae Fowler, 1951

Lithodoradinae Fowler, 1951

Erethistidae

Continae de Pinna, 1996

Erethistides Bleeker, 1862

Laguviini de Pinna, 1996

Heteropneustidae

Heteropneustidae Hora, 1936

Saccobranchini Bleeker, 1858

Hypsidoridae
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Hypsidoridae Grande, 1987

Ictaluridae

Amieurina Giinther, 1864

Astephinae Grande and Lundberg, 1988

Ichthaelurinae Meek, 1904

IctaluriGill, 1861b

Loricariidae

Acanthicini Bleeker, 1862

Acestridiinae Isbriickerand Nijssen, 1974

Acestrini Bleeker, 1862

Ancistri Kner, 1853

Chaetostomidi Fowler, 1958

Farlowellidi Fowler, 1958

Goniodontes Kner, 1853

Harttiinae Boeseman, 1971

Hemiodontichthyina Isbriicker, 1979a

Hopliancistrini Isbriickerand Nijssen, 1989

Hypoptopomatinae Eigenmann and

Eigenmann, 1890

Hypostomiden Kner, 1853

Lictores Kner, 1 853

Lithogeninae Gosline, 1947

Lithoxina Isbriicker, 1980

Loricaria Rafinesque, 1815

Loricariichthyina Isbriicker, 1979a

Metaloricariina Isbriicker, 1979a

Neoplecostominae Regan, 1904

Otocinclini Isbriicker, 1979b

Otothyrini Schaefer, 1991

Pianiloricariina Isbriicker, 1979a

Plecostomiformes Bleeker, 1862

Pseudacanthicini Isbriicker, 1980

Pseudoloricariina Isbriicker, 1981

Reganellina Isbriicker, 1979a

Ricolina Isbriicker, 1981

Rineloricariina Isbriicker. 1979a

Spectracanthicina Isbriicker and Nijssen,

1989

Malapteruridae

Malapterurini Bleeker, 1858

Mochokidae

Chilogianidinae Riehl and Baensch, 1990

Mochokidae Jordan, 1923

Rhinoglanina Giinther, 1864

Simuldentinae Taveme and Aloulou-Triki,

1974

Synodontini Bleeker, 1862

Nematogenyidae

Nematogenyini Bleeker, 1862

Pangasiidae

Pangasianodonidi Fowler, 1958

Pangasini Bleeker, 1858

Pimelodidae

Anodontes Bleeker, 1858

Calophysinae Eigenmann, 1890

Heptapterinae Gill, 1861b

Hypophthalmini Bleeker, 1862

Luciopimelodinae Driver, 1919

Phreatobinae Reichel, 1927

Pimelodinae Swainson, 1838

Pinielodini Bonaparte, 1838

Pinirampidae Femandez-Yepez, 1965

Pseudopimelodidae Femandez-Yepez and

Martin, 1953

Pseudopimelodinae Lundberg et al., 1991

Pteronotidae Adams et al., 1854

Rhamdiae Bleeker, 1862

Sorubinae Swainson, 1838

Plotosidae

Plotosichthyoidei Bleeker, 1858

Schilbidae

Ailichthyoidei Bleeker, 1858

Schilbeini Bleeker, 1858

Siluranodontinae Regan, 1911

Scoloplacidae

Scoloplacinae Bailey and Baskin, 1976

Siluridae

Kryptopterini Bleeker, 1862

Phalacronotini Bleeker, 1862

Silurichthyoidei Bleeker, 1858

Siluroides Cuvier, 1816

Sisoridae

Bagarina Giinther, 1864

Clypeati Kner, 1 853

Exostomatina Giinther, 1864

Glyptothoracini de Pinna, 1996

Glyptosterni Gill, 1861b

Inermes Kner, 1853

Nangrina de Pinna, 1996

Pseudecheneidina de Pinna, 1996

Sisorichthyoidei Bleeker, 1858

Trichomycteridae

Copionodontinae de Pinna, 1992

Eremophilini Bonaparte, 1846

Glanapteryginae Myers, 1944

Pareiodontinae Eigenmann, 1918

Pygidiidae Eigenmann and Eigenmann, 1888

Sarcoglanidinae Myers and Weitzman, 1966

Stegophilina Giinther, 1864

Trichogeninae Isbriicker, 1986

Trichomycterini Bleeker, 1858

Tridentinae Eigenmann, 1918

Vandelliini Bleeker, 1862
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Unassigned Family-Level Names (including Suprafamilial Names)

Anesipoma Latreille, 1825

Ariobagri Bleeker, 1862

Ariodontes Bleeker, 1858

Dipteronotes Dumeril. 1856

Glani Latreille, 1825

Heterobranchia Latreille, 1825

Nematognathi Gill, 1861a

Opiophoria Rafinesque, 1815

Scleracanthi Miranda-Ribeiro, 1917

Siluridae Anomalopterae Giinther, 1864

Siluridae Branchicolae Giinther, 1864

Siluridae Heteropterae Giinther, 1864

Siluridae Homalopterae Giinther, 1864

Siluridae Opisthopterae Giinther, 1864

Siluridae Proteropodes Giinther, 1864

Siluridae Proteropterae Giinther, 1 864

Siluridae Stenobranchiae Giinther, 1864
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PLATE 1

Umbelliila anlarctica

After Kiikenthal & Broch. 1911
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INTRODUCTION

The pennatulaceans, commonly known as sea pens and sea pansies, are a highly specialized and

distinct group of sessile benthic coelenterates. They are distributed throughout the world's oceans

from the polar seas to the tropics, and at all depths from the intertidal (certain virgulariids) to over

6200 meters (Umbellulidae, PI. 1 ). Morphologically, sea pens are highly diverse and exhibit morpho-

logical changes as evolutionary events within different lineages. Examples are bilateral symmetry,

concentration and localization of feeding polyps, the development of lateral processes as polyp leaves

or ridges, and the reduction in the number and size of sclerites. As octocorallian coelenterates,

pennatulaceans are characterized by having eight pinnate tentacles surrounding the mouth of each

polyp, and eight mesenteries. Unlike other octocorals, however, mature colonies develop from a single

large polyp (the oozooid) that produces secondary zooids by lateral budding of its body wall. Also

unique to the Pennatulacea, is the unbranched muscular peduncle, which anchors the animal by

peristaltic contractions into soft substrata such as sand, mud, or abyssal ooze. The secondary polyps

(larger autozooids for feeding and reproduction, and smaller siphonozooids for internal water

circulation) are restricted to the distal rachis, which is also unbranched but may have laterally-pro-

duced polyp leaves.

The ability to inhabit soft substrata has allowed several abyssal-dwelling sea pens to have nearly

cosmopolitan distributions. Despite these very widespread geographic ranges, pennatulacean species

diversity in the deep-sea is relatively low, and may be attributable to a combination of factors

including: relatively low energy input and depauperate productivity in the abyssal environment,

coupled with a relative lack of ecological diversity.
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Thirty-two genera in fifteen families of living pennatuiaceans are currently recognized. Of the

436 nominal species names described in the literature, approximately one halfare currently considered

valid. Major monographic works on the Pennatulacea include Kiikenthal (1915), Hickson (1916), and

Williams (1990, 1995a).

The sparsely-represented pennatulacean fossil record extends back to the Cretaceous Period and

consists primarily of virgulariid fossil taxa in the genera Graphulaha and Virgidaha. Bayer

(1956:228) observed that fossils oi Graphulaha closely resemble the axial structure of the genus

Sty-latula, and the two may be congeneric. Problematic and controversial frondlike taxa that resemble

pennatulid sea pens are described from the Vendian Period of the late Precambrian. In fact, the coming

of age of Precambrian paleobiology in the 1980s has produced a wealth of publications dealing with

the Ediacaran or Vendian biota. Many of the Vendian frondlike taxa have been allied with the

Pennatulacea by various authors, but these interpretations remain highly disputatious. Because of the

importance of recent fossil discoveries, which have helped to bridge the gap between fossil biotas of

the Precambrian and the Cambrian, many of the references on these Vendian pennatulacean-like

organisms are included here, but the coverage should in no way be considered comprehensive.

The goal of this work is to produce a bibliography of all published works pertaining in part or in

full to the pennatulacean octocoral coelenterates. Although no work of this kind can claim to be

absolutely comprehensive, this bibliography can at least be considered reasonably complete, certainly

more so than any previously-published, similar work. The fine bibliography of octocorals by Bayer

( 1 996) concentrates on taxonomic works for all of the Octocorallia, but does not claim to be inclusive

for Pennatulacea or fields of study outside of taxonomy.

The following annotated and alphabetical bibliography to the Pennatulacea ofthe world is derived

from a variety of sources—^primarily the Zoological Record (1864—1998), as well as the author's

research library. Other sources include Bayer (1981), Bayer (1996), and Hickson (1916). My
annotations are in square brackets at the end of many of the citations.

This work is intended for a variety of users including professional biologists, biology students,

fisheries biologists and marine resource managers.

The intent ofthe presentation is to make this work as user friendly as possible. In order to facilitate

this goal, full citations are given for the vast majority of the references listed, as abbreviations for

periodical publications have proved in the past to be confusing, inconsistent, or often unusable.

The Melvyl System, library data base of the University of California, [http://www.melvyl.

ucop.edu] was used extensively to acquire complete citations for periodicals. Other sources used for

abbreviations and complete citations of periodicals include the List of Serial Publications in the

BM(NH) Library, the World List of Scientific Periodicals 1900-1960, and Biosis Serial Sources.

For the most recently-recognized, valid species names of Pennatulacea, see Williams (1995a,

1997f).
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Historical Account

Pre-Linnean Period (1469-1757)

In writing about the history of research regarding pennatulacean bioluminescence, E. Newton
Harvey ( 1 952: 1 70), related the following, "Although the Romans knew of sea pens, referring to them

as 'Penna marina,' the sea feather, or as 'Mentula alata,' the winged penis, the ability to luminesce

does not appear to have been recorded. Probably the first mention of luminous sea pens comes to us

in the famed 'De lunariis' and the 'Historia Animalium' of Conrad Gesner, published in the middle

sixteenth century."

The earliest published accounts describing aspects of the natural history of octocorals, including

the sea pens, are Pliny the Elder (1469), Guillaume Rondelet (1554, 1555), Conrad Gesner (1555,

1 558) (PI. 2), Ferrante Imperato ( 1 599), and Captain Lancaster ( 1 60 1 ). Other noteworthy pre-Linnean

works dealing at least in part with the Octocorallia are those of Francisci Erasmi (1668), Paolo

Boccone (1674), Hans Sloane (1707), Jacques Barrelier (1714), Herman Boerhaave (1720, 1727),

Christlob Mylius ( 1 753, 1 754), and John Ellis ( 1 753, 1 755).

Pennatulacean bioluminescence is at least mentioned by Fran(;ois Boussuet (1558), Caspar

Bauhin ( 1 620, 1671), Ulisse Aldrovandi ( 1 642, 1 648), Johann Bauhin ( 1 650-5
1 ), and Thomas Shaw

(1738-46).

Louis Agassiz (1860) praised the perspicacity of early workers such as Rondelet and Gesner,

who first established the animal nature of the "acalephs" (many of the taxa that we now regard as

coelenterates), departing from the earlier views of Aristotle and Pliny, who compared them to plants

(the "zoophytes").

Pertaining to Rondelet, Agassiz (1860:8) stated, ".
. . we are chiefiy indebted to Rondelet for

contributions to the natural history of the Acalephs. He was, indeed, not only better acquainted with

the inhabitants ofthe Mediterranean than all his predecessors, but he knew them even more accurately

than any naturalist that lived before the present century."

In his praise of sixteenth century naturalists, Agassiz ( 1 860: 1 0) continues, "It has been a source

of constant delight for me, while perusing the works of the earlier naturalists, to sympathize with the

genial spirit and the earnestness that pervade their writings, so free from egotism, and animosity

against their fellow-students. Their devotion to their studies is equal to the spirit of reverence with

which they look upon nature; and it is disgraceful to our age, that we must contrast with such

dispositions the ill-will, the jealousies, the quarrels for priority, and the profanation, which pervade

the discussions of certain modem authors. Moreover, in a systematic point of view, the great

naturalists of the sixteenth century deserve to be studied more fully than they have been thus far. It

is astonishing, for instance, to see how near Rondelet, in discussing the views of Aristotle upon the

affinities of animals, came to perceiving their true affinities, and their natural classification . . .
."

A good example of the evolution of thought in natural history is exemplified by various views

regarding the nature of corals in the seventeenth and eighteenth centuries. The concept of corals as

"zoophytes," transitional between plants and animals, was established by the Roman scholars Sextus

Empiricus and Pliny the Elder (Caius Plinius Secundus), based on Aristotle's nofion of the gradation

from plants to higher animals. This undoubtedly served to propagate a state of confusion for nearly

two thousand years—^the false view that corals as living beings share the natures of both animals and

plants (Agassiz, 1860:6-7). Paolo Boccone (1670) and John Woodward (1695) emphasized the

inanimate aspect of corals and regarded them as stones, while L. F. Marsigli (1725) considered them

to be plants, and the coral polyps as "flowers of the coral." It was the perceptive observer, Jean-Andre

Peyssonnel (1753), who first recognized the animal nature of corals and their affinities to other

coelenterates, after observing the contraction, expansion and movement of the tentacles of coral

polyps (Hyman 1940:365).
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Conrad Gesner (15 16-1565). Courtesy

Kraig Adler, Cornell University.

Carl von Linne (Linnaeus) (1707-1778). Courtesy

Picture Collection, California Academy of Sciences.

Peter Simon Pallas ( 1 74 1 - 1 8 1 1 ). Courtesy

Kraig Adler, Cornell University.

Lazzaro Spallanzani ( 1 729-1 799). Courtesy

Michael Ghiselin, California Academy of Sciences.
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The Linnean Period (1758-1858)

The publication of the 10th edition of Systema Naturae by Linnaeus (Carl von Linne 1758) (PI.

2) is accepted as the starting point for our contemporary system ofbinominal nomenclature. Linnaeus

named the genus Pennatula, from which the ordinal name Pennatulacea is derived. Other contributors

during the Linnean Period include William Borlase (1758), Job Baster (1759-65); Joannes Baptist

Bohadsch (1761); John Ellis (1764); Peter Simon Pallas (1766) (PI. 2), first monographer of the

"zoophytes"; Pieter Boddaert (1771); L Lepechin (1781); John Ellis and Daniel Solander (1786);

Lazzaro Spallanzani ( 1 796) (PI. 2); Georges Cuvier (PI. 3), originally Jean Leopold Nicolas Frederic

Cuvier (1797), who named the genera Umbellula and Veretillum; Jean Baptiste Pierre Antoine de

Monet de Lamarck (1816) (PI. 3 ), who named the genera Fiiniculina, Renilla, and Virgii/aria; Tilesius

von Tilenau (1819); S. della Chiaje (1827, 1841-44); M. W. Rapp (1827); H.-M. Ducrotay de

Blainville (1834); Christian Gottfried Ehrenberg (1834a) (PI. 3), who introduced the family name

Pennatulina, later corrected by Dana, 1846 to Pennatulidae; Fredrich Sigismund Leuckart (1841);

James Dwight Dana (1846) (PI. 3), who corrected the familial name of Ehrenberg to Pennatulidae;

George Johnston ( 1 847); John Edward Gray ( 1 840-1 873), who named the genus Sarcoptilus in 1 848;

Henri Milne Edwards (PI. 4) and Jules Haime (1850), who named the fossil genus Graphidaria\

Achille Valenciennes (1850), who named the veretillid genera Lituaria and Cavernularia; P. Chr.

Asbjomsen (1856), who named the genus Kophobelemnoir, and Jan Adrianus Herklots (1858) (PI.

4), who named the genera Scytalium and Pteroeides.

The Darwinian Period (1859-1899)

The publication of the Origin ofSpecies by Charles Darwin ( 1 859) initiated what is here referred

to as the Darwinian Period.

The pre-eminent author of the Pennatulacea during this period was Rudolf Albert von KoUiker,

who produced major descriptive taxonomic works between 1865 and 1880. KoUiker described the

sea pens of the H. M. S. Challenger Expedition, in which thirty species were described. KoUiker also

named the genera Acanthoptilum, Anthoptilum, Halipteris, Protoptilum, Sclerohelemnon, Scleropfi-

lunt, and Stachyptilum. Other noteworthy contributions during this period include Pieter Bleeker

(1859) (PI. 4), who described several species of Pteroeides\ William More Gabb (1859-1864) (PL

4); Jan Adrianus Herklots (1863); Josua Lindahl (1874); Johan Koren and Daniel C. Danielssen

( 1 847-1 884); Addison Emery Verrill ( 1 865-1 882), who named the genera Distichoptilum, Ptilosar-

cus, and Stylatula, and introduced the name Pennatulacea in 1 865 as a subordinal name, later elevated

to ordinal status by Studer, 1 887a; Sir Charles Wyville Thomson ( 1 874), chief scientist of the

H. M. S. Challenger Expedition (PI. 5); Robert Edward Carter Steams (1873-1883) (PI. 5); Am-
brosius Arnold Willem Hubrecht (1885) (PI. 5), who named the genus Echinoptilwn; G. Herbert

Fowler ( 1 888, 1 894); A. Milnes Marshall ( 1 883a, 1 883b); A. Milnes Marshall and G. Herbert Fowler

( 1 887, 1 889); and A. Milnes Marshall and William P. Marshall ( 1 882); T. H. Tizard et al. ( 1 885); and

Theophile Studer (1891 ), who named the genus Gyrophyllum.

The Darwinian Period produced numerous studies of evolutionary relationships for many groups

of organisms. Important works pertaining to pennatulacean phylogeny during this time included

R. A. von KoUiker ( 1 870, 1 880), Gottlieb von Koch ( 1 878), and A. Milnes Marshall ( 1 887).

The Early Twentieth Century (1900-1949)

Significant contributions in octocorallian systematics (including pennatulaceans) during the early

part of the Twentieth Century include Hector F. E. Jungersen (1904, 1907, 1917); Charles Gravier

( 1 906), who named the genus Scytaliopsis; Charles Cleveland Nutting ( 1 908), who named the genus

Calibelemnon- Heinrich Balss (1909, 1910); Hjalmar Broch (1910-1961); Willy Kukenthal

(1902-1925) (PI. 6), who named the genera Actinoptilum, Amphiacme, and Chiinella; W. Kukenthal

and H. Broch (1911), who named the genus Cavernulina; Sydney John Hickson (1883-1940);
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Baron Georges Cuvier (1769-1832). Courtesy

GS Myers/AE Leviton Portrait File in Natural

History, California Academy of Sciences.

Jean Baptiste Pierre Antoine de Monet de Lamarck ( 1 744-

1829). Courtesy GS Myers/AE Leviton Portrait File in

Natural History, California Academy of Sciences.

Christian Gottfried Ehrenberg (1795-1876). Courtesy

of the Linnean Society of London.

James Dwight Dana (1813-1895). Courtesy

Smithsonian Institution Archives.
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Henn Milne Edwards (1800-1885).

Courtesy Nationaal Natuurhistorisch Museum, Leiden.

Jan Adrianus Herklots (1820-1872).

Courtesy Nationaal Natuurhistorisch Museum, Leiden.

Pieter Bleeker (1819-1878). Courtesy

Nationaal Natuurhistorisch Museum, Leiden.

William Gabb (1839-1878). Courtesy Department of

Invertebrate Zoology and Geology, California

Academy of Sciences.
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HMS Challenger (1872-1876), Sir Charles Wyville Thomson, Chief scientist (inset).

After "Voyage of the Challenger," Narrative, Vol. 1 (1885) and "The Atlantic," Vol. 1 (1877) respectively.
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Robert Edwards Carter Steams ( 1 »27-1909). Courtesy

Bancroft Library, University of California, Berkeley.

Ambrosius Arnold Willem Hubrecht ( 1 853- 1915).

Courtesy Nationaal Natuurhistorisch Museum, Leiden.
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Elisabeth Deichmann ( 1 936, 1 94 1 ) (PL 6); and J. Arthur Thomson ( 1 905-1 93 1 ). The latter published

in collaboration with several co-authors including George Crane, Doris L. Mackinnon, Nita I. Rennet,

W. D. Henderson, James Ritchie, and James J. Simpson. F. M. Bayer (pers. comm.) stated,

"Deichmann ... is the 20th Century link with the 19th Century in octocoral systematics. Her

Blake report (1936) is pivotal for the western Atlantic."

It was during this period that the proposal was introduced by Libbie Henrietta Hyman ( 1 940:365

)

to abandon the name "Coelenterata" of Rudolph Leuckart in favor of "Cnidaria," introduced by

Berthold Hatschek. This argument has apparently convinced many zoologists to substitute a name

long in use with a more recently created one. Hyman stated, "Leuckart (1847) clearly grasped the

fundamental differences between the two great radiate groups, the coelenterates and the echinoderms,

and separated them, creating the name Coelenterata. Leuckart's Coelenterata, however, included the

sponges and the ctenophores .... The proper splitting of Leuckart's Coelenterata was achieved by

Hatscheck (1888), who recognized three phyla: Spongiaria, Cnidaria, and Ctenophora. We therefore

consider Cnidaria to be the most suitable name for the phylum . . .
."

The acceptance of this line of reasoning is both unnecessary and inconsistent. As an example,

Ernst Haeckel's "Scyphozoa" originally included both the Scyphozoa and the Anthozoa, yet the name

Scyphozoa is still retained by most zoologists. This is just one example of a major animal group in

which the name has long usage and is still recognized today, even though it orginally encompassed

more taxa than are now accepted.

The Late Twentieth Century (1950-1999)

Previous to this period, publications on the Pennatulacea dealt predominantly with descriptive

taxonomy or general natural history (particularly bioluminescence). This most recent period has

produced a flourishing ofworks in fields of study other than taxonomy—including behavior, ecology,

morphology, physiology, cell biology, natural products biochemistry, and evolutionary biology.

Important contributions in systematics during this period include Frederick M. Bayer (1955-1996)

(PL 6); Huzio Utinomi, also known as Fujio Hiro (1956-1982) (PL 6); Manfred Grasshoff

( 1 972-1 99 1); F. M. Bayer, M. Grasshoff, and Jakob Verseveldt ( 1 983 ); F. M. Bayer and M. Grasshoff

(1997); Marie-Jose d'Hondt (1984); Andree Tixier-Durivault (1954-1987), who named the genera

Crassophyllum and Malacohelemnon\ and Gary C. Williams (1986-1999). The latter author intro-

duced cladistic methodology to the study of evolutionary relationships in the Pennatulacea.

Synonyms and Misspelled Generic Names of Pennatulacea

Revised from Williams, 1 995a; 101; synonyms are listed on the left with the valid genera to which

they belong shown in parentheses; * = misspelled names or transcription errors; ** = see Bayer

and Grasshoff, 1997.

*Acanthoptilon Traquair in Zoological Record 7, 1870 (Acanthoptilum)

Actinoptilon Kiikenthal, 1910 {Actinoptilum)

*Actinoptinum Day et al., 1970 {Actinoptilum)

Amphianthus Kiikenthal, 1902 {Amphiacme)

Argentella Gray, 1870 {Pteroeides)

Balticina Gray, 1870 (Halipteris)

Bathypenna Marion, 1906 (possibly synonymous with Gyrophyllum according to Kiikenthal, 1915)

Bathyptilum Kolliker, 1872 {Kophobelemnon)

Benthoptilum Verrill, 1885 {Anthoptilum)

*BenthoptiUum Haddon in Zoological Record 22, 1885 {Anthoptilum)

Cladiscus Koren and Danielssen, 1877 {Virgularia)
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Willy Kukenthal (1861-1922). Courtesy

Nationaal Natuurhistorisch Museum, Leiden.

Elizabeth Deichmann (1896-1975). Courtesy

Frederick M. Bayer, Smithsonian Institution.

Frederick M. Bayer Huzio Utinomi

Courtesy Frederick M. Bayer, Smithsonian Institution.
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Clavella Gray, 1870 (Lituaria)

Crinillum Harting, Miquel and Hoeven, 1861 {Umhellula)

Crispella Gray, 1870 {Pteroeides)

Deutocaidon Marshall and Fowler, 1888 (Virgularia)

Dubenia Danielssen and Koren, 1 884 (Stylatula)

Encrinus Lamarck, 1801 {Umbelhda)

Fusticidaha Simpson, 1905 (probably synonymous with Cavemularia according to Kukenthal,

1915)

*Godefroyia Leuckart, 1872 {Pteroeides)

Godeffroyia Kolliker, 1870 {Pteroeides)

Gondul Koren and Danielssen, 1883 {Halipteris)

Gunneria Danielssen and Koren, 1884 {Kophobelemnon)

Halisceptrum Herklots, 1 863 ( Virgularia)

Helicoptilum Nutting, 1912 {Distichoptiliim)

Herklotsia Gray, 1860 {Renilla)

Juncoptilum Thomson and Henderson, 1905 {Distichoptiliim)

*LeioptilumVem\\, 1^65 {Ptilosarcus)

*Leioptillum Verrill, 1868 {Ptilosarcus)

Leioptilus Gray, 1860 {Pennatida)

Leioptilus of authors other than Gray, 1860 {Ptilosarcus)

Leptoptilum Kolliker, 1880 {Funiculina)

*Lioptihun Kolliker, 1872 {Ptilosarcus)

Lygomorpha Koren and Danielssen, 1877 {Halipteris)

Lygus Herklots, 1858 {Virgularia)

Mesobelemnon Gravier, 1907 (considered synonymous with Sclerobelemnon by Hickson, 1916)

Microptilum Kolliker, 1880 {Halipteris)

Norticina Gray, 1870 {Halipteris)

Ombellulaires Cuvier, 1817 {Umbellula)

**Ombellida Cuvier, 1797 {Umbellula)

Ombellularia Lamarck, 1836 {Umbellula)

Osteocella Gray, 1870 {Halipteris)

Parabelemnon Thomson and Simpson, 1909 (possibly synonymous with Cavemularia according

to Kukenthal, 1915) (PI. 7)

Pavonaires Cuvier, 1817 {Funiculina)

Pavonaria Schweigger, 1820 {Funiculina)

Pavonaria Kolliker, 1869 {Halipteris)

Penna Bohadsch, 1761 {Pennatula, in part) (name unavailable as the work was suppressed by

ICZN)

Phosphorella Gray, 1870 {Pennatula)

Policella Gray, 1870 {Veretillum)

Prochunella Baiss, 1909 {Calibelemnon)

Protocaulon Kolliker, 1880 {Virgularia)

*Pteroides Pfeffer, 1886 {Pteroeides)

Pteromorpha Herklots, 1858 {Pteroeides)

Ptilella Gray, 1870 {Pennatula)

*Renila Schweigger, 1820 {Renilla)

Renillina Gray, 1860 (possibly a young example of the alcyoniid soft coral Sarcophvton according

to Kukenthal, 1915)

Sarcobelemnon Herklots, 1858 {Cavemularia)
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Sarcophyllum Kolliker, \S70 (Sarcoptilus)

Sceptonidium Richiardi, 1869 (Virgularia)

Stephanoptilum Roule, 1905 {Anthoptilum)

Stichoptihiin Grieg, 1887 {Halipteris)

Stnithiopteron Broch, 1910 (Pteroeides)

Sty'lobelemnon Kolliker, 1872 (Cavernularia)

Stylobelemnoides J. A. Thomson and Henderson, 1905 (possibly synonymous with Cavernularia

according to Kiikenthal, 1915)

Svava Danielssen and Koren, 1884 {Virgularia)

Svavopsis Roule, 1908 (Virgularia)

Thesioides J. A. Thomson and Henderson, 1906 {Anthoptilum)

Trichoptilum Kolliker, 1880 (Funiculina)

Umbellaria Schweigger, 1820 {Umbellula)

Umbellularia Lamarck, 1801 {Umbellula)

*Verrilia Liitken in Zoological Record 10, 1873 {Halipteris)

Verrillia Steams, 1873 {Halipteris)

Vorticella Linnaeus, 1767 {Umbellula, in part)

Taxonomic Index

Original descriptions and other selected taxonomic references—restricted primarily to taxa

considered valid by Williams ( 1 995a, 1 997f, and the present work); t = fossil taxa; % = taxa with both

living and fossil representation.

Acanthopitilum Kolliker, 1870

[See also Balss (1910); Bayer (1957); Kukenthal (1915); Williams ( 1 995a)]

Acanthoptilum album Nutting, 1909

Acanthoptilum agassizi Kolliker, 1872

Acanthoptilum anmdatum Nutting, 1909

Acanthoptilum gracile (Gabb, 1863)

Acanthoptilum oligacis Bayer, 1957

Acanthoptilum pourtalesii Kolliker, 1870

Acanthoptilum scalpelifolium Moroff, 1902

Actinoptilum Kukenthal in Kukenthal and Broch, 1911

[See also Kukenthal (1910, 1915); Williams (1990, 1995a)]

Actinoptilum molle (Kukenthal, 1910) (PI. 7)

Amphiacme ¥J}kex\\\\Si\, 1903

[See also Hickson (1916); Kukenthal (1902a, 1915); Kukenthal and Broch (1911); Williams

(1990, 1995a)]

Amphiacme abysorrum (Kukenthal, 1902)

Anthoptilum Kolliker, 1880 (PI. 9, 10)

[See also Grasshoff ( 1 982a, 1 982b); Hickson (1916); Kukenthal (1915); Kukenthal and Broch

(1911); Williams (1990, 1995a)]

Anthoptilum grandiflorum (Verrill, 1879) (PI. 9)

Anthoptilum murrayi Kolliker, 1880

iBensonularia Hamilton, 1958

tBensonularia spatulata Hamilton, 1958 [Eocene ofNew Zealand]

Calibelemnon 'Nutting, 1908

[See also Balss (1910); Hickson (1916); Kukenthal (1915); Williams (1990, 1995a)]
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Echinoptilum echinatum
After Williams, 1995a

Renilla amethystina

After Williams,! 995a

Kophobelemnon stelliferum

After Marshall, 1883b
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Calibelemnon herhvigi (Balss, 1909)

Calihelemnon indicum (Thomson and Henderson, 1906)

Calibelemnon symmetricwn Nutting, 1 908

Cavermdaria Valenciennes in Milne Edwards and Haime, 1850

[See also Hickson (1916); Hondt ( 1 984b); Kukenthal (1915); Lopez-Gonzalez, Gili, and

Williams (in press); Williams (1989b, 1990, 1995a)]

Cavermdaria capitata Williams, 1989

Cavermdaria clavata Kukenthal and Broch, 1911

Cavermdaria chiini Kukenthal and Broch, 1911

Cavermdaria dayi Tixier-Durivault, 1954

Cavermdaria dedeckeri Williams, 1989

Cavermdaria elegans {\\Qvk\ois, 1858)

Cavernularia glans Kolliker, 1872

Cavermdaria habereri Kolliker, 1872

Cavermdaria luetkeni Kolliker, 1872 (also spelled C. lidkeni and C. lutkeni)

Cavermdaria malabarica Fowler, 1 894

Cavermdaria mirifica Tixier-Durivault, 1 963

Cavernularia obesa Valenciennes in Milne Edwards and Haime, 1850

Cavermdaria pusilla (Philippi, 1835)

Cavermilina Kukenthal and Broch, 1911

[See also Hickson (1916); Hondt (1984b); Kukenthal (1915); Williams (1989b, 1990, 1995a)]

Cavermdina cylindrica Kukenthal and Broch, 1911

Cavermdina danvini (Hickson, 1921

)

Cavermdina grandiflora Hondt, 1984b

Cavermilina orientalis Thomson and Henderson, 1909

Chimella Kukenthal, 1902 (PI. 8)

[See also Kukenthal (1915); Kukenthal and Broch (191 1); Hickson (1916); Williams (1990,

1995a, 1997c)]

Chunella gracillima Kukenthal, 1902

Crassophyllum Tixier-Durivault, 1961

[See also Williams (1995a, 1995d)]

Crassophyllum cristatum Tixier-Durivault, 1961

Crassophyllum thessalonicae Vafidis and Koukouras, 1991

Disdchoptilum Verrill, 1882

[See also Hickson (1916); Kukenthal (1915); Kukenthal and Broch (1911); Williams ( 1 990,

1995a)]

Disdchoptilum gracile Verrill, 1 882

Echinoptilum Hubrecht, 1 885

[See also Balss (1910); Hickson (1916); Kukenthal (1915); Kukenthal and Broch (1911); Sachs

(1913); Williams (1990, 1995a)]

Echinoptilum asperum Hickson, 1916

Echinoptilum echinatum (Kukenthal, 1910) (PI. 8)

Echinoptilum elongatum Hickson, 1916

Echinoptilum macintoshi Hubrecht, 1 885

Echinoptilum minimum Hickson, 1916

Echinoptilum roseum Hickson, 1916

Funiculina Lamarck, 1816

[See also Balss (1910); Herklots ( 1 858); Hickson (1916); Jungersen ( 1 904); Kolliker ( 1 872);

Kukenthal (1915); Kukenthal and Broch (1911); Williams ( 1 990, 1 995a)]
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Anthoptilum grandiflorum
After Kukenthal & Broch, 191

1

Protoptilum cyaneum
After Kukenthal & Broch, 1911
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Anthoptilum thomsoni
After Kolliker, 1880
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Funiculina annata Verrill, 1879

FiinicuHna parkeri Kiikenthal, 1909

Funiculina quadrangulahs (Pallas, 1766)

"fGraphularia Milne Edwards and Haime, 1850

fGraphularia ambigua (Morton, 1830) [Cretaceous/Tertiary of southeastern North America]

[See also Shapiro and Ramsdell (1965)]

fGraphularia badenia Strand, 1928

fGraphularia belgica Vincent (1893) [Eocene of Belgium]

'fGraphularia crecelii Andree, 1912 [Oligocene of Germany]

"fGraphuloria desertorum Kuhn, 1949

"fGraphularia groenwalli N\e\ser\ , 1914 [Cretaceous of Denmark]

fGraphularia incerta Malaroda, 1951 [Oligocene of Italy]

"fGraphularia irregularis Nielsen, 1914 [Cretaceous of Denmark]

fGraphularia kalimnae Chapman and Crespin, 1928 [Tertiary of Australia]

fGraphularia longissima Squires, 1958 [Cretaceous/Tertiary ofNew Zealand]

fGraphularia meiJeriVoight, 1958

"fGraphularia nigra Malaroda, 1951 [Oligocene of Italy]

"fGraphularia quadrata Voigt, 1958

fGraphularia salisburgensis Traub, 1938 [Paleocene of Austria]

fGraphularia sp. [Eocene of Hungary]

fGraphularia sulcata Nielsen, 1914 [Cretaceous of Denmark]

[See also Kolosvary( 1949)]

fGraphularia wetherelli Milne-Edwards and Haime, 1850 [Eocene of England]

[See also Davis (1936)]

fGraphularia? yamakawai Yabe and Sugiyama, 1937 [Pleistocene of Japan]

Gyrophyllum Studer, 1891

[See also Hickson (1916); Kukenthal (1915); Roule ( 1 905 ); Studer ( 1 90 1 ); Williams ( 1 995a,

1995d)]

Gyrophyllum hirondellei Studer, 1 89

1

Gyrophyllum sibogae Uickson, 1916 (PI. 14)

Ha Iipteris KoWiker, 1869

[See also Willams (1990, 1995a)]

Halipteris africana (Studer, 1879)

Halipteris californica (Moroff, 1902)

Halipteris christii (Koren and Danielssen, 1 847)

Halipteris finmarchica (Sars, 1851)

Halipteris heptazooidea Acuiia and Zamponi, 1992

Halipteris willemoesi Kolliker, 1 870

Kophobelemnon Ashjamsen, 1856

[See also Balss (191 0); Danielssen and Koren ( 1 884); Herklots ( 1 858); Hickson (1916); Jungersen

(1904); Kolliker (1872); Kukenthal (1915); Kukenthal and Broch (191 1); Thomson and Simpson

(1909); Williams (1990, 1995a)]

Kophobelemnon affine Studer, 1 894

Kophobelemnon heterospinosum Kukenthal, 1910

Kophobelemnon hispidum Nutting, 1912

Kophobelemnon irregulatus Keller, Pasternak and Naumov, 1975

Kophobelemnon leucharti Cecchini, 1917

Kophobelemnon macrospinosum J. A. Thomson, 1927

Kophobelemnon molanderi Pasternak, 1 975
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Kophobelemnon pauciflorum Hickson, 1916

Kophobelemnon stelliferum (Muiier, 1776) (PI. 8)

Lituaria Valenciennes in Milne Edwards and Haime, 1850

[See also Balss (1910); Gray ( 1 870); Hickson (191 6); Hondt ( 1 984b); Light ( 1 92 1 ); Kolliker

(1872); Kiikenthal (1915); Thomson and Simpson (1909); Williams (1990, 1995a)]

Lituaria amoyensis Koo, 1935

Lituaria australasiae (Gray, 1860)

Lituaria breve Light, 1921

Lituaria habereri Balss, 1910

Lituaria hicksoni Thomson and Simpson, 1909 (PI. 7)

Lituaria kuekenthali Light, 1 92

1

Lituaria molle Light, 1921

Lituaria phalloides (Pallas, 1 766)

Lituaria pbilippinesis Light, 1 92

1

Lituaria valenciennesi Hondt, 1 984

Malacobelemnon Tixier-Durivault, 1965

[See also Williams (1995a)]

Malacobelemnon stephensoni Tixier-Durivault, 1965

tOctobasis Malecki, 1982 [Upper Cretaceous of Poland]

^Pavonaria portisi Angelis, 1895? [Tertiary of Italy]

'\Pavonarial singularis MdXdLXoddL, 1951 [Oligocene of Italy]

Pennatula Linnaeus, 1758 (PI. 12, 13)

[See also Balss (1910); Gray (1870); Herklots (1858); Kolliker (1869); Lamarck (1816); Leuckart

(1872); Hickson (1916); Kukenthal (1915); Kukenthal and Broch (1911); Williams (1990, 1995a,

1995d)]

Pennatula aculeata Danielssen, 1860

Pennatula argentina Acuna and Zamponi, 1992

Pennatula delicata Tixier-Durivault, 1966

Pennatula funbriata Herklots, 1858

Pennatula grandis Ehrenberg, 1 834

Pennatula indica Thomson and Henderson, 1906

Pennatula inflata Kukenthal, 1910 (PI. 13)

Pennatula mollis Alder, 1867 (considered a junior synonym of Pennatula phosphorea by

Cornelius and Garfath, 1980, after examination of the two well-preserved syntypes)

Pennatula phosphorea Linnaeus, 1758 (PI. 13)

Pennatula prolifera Jungersen, 1904

Pennatula rubra (Ellis, 1764)

"^Pennatulites^cXW, 1903

fPennatulites manzonii '^eWi, 1903 [Miocene of Italy]

fPrographularia Freeh, 1 890

fPrographularia tradica Freeh, 1890 [Triassic]

Protoptilum Kolliker, 1872

[See also Balss (1910); Hickson (1916); Jungersen (1904); Kolliker (1880); Kukenthal (1915);

Kukenthal and Broch (191 1); Williams (1995a)]

Protoptilum carpenteri Kolliker, 1872

Protoptilum celebense Hickson, 1916

Protoptilulm cyaneum Kukenthal, 1910 (PI. 9)

Protoptilum denticulatum Jungersen, 1904

Protoptilum smitti Kolliker, 1872
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Protoptilum thomsoni Kolliker, 1872

Pteroeides Herklots, 1858 (PI. 14)

[See also Gray (1870); Hickson (1916); Hondt (1984a); Kolliker (1872); Kukenthal (1915);

Kukenthal and Broch (191 1); Leuckart (1872); Williams (1990, 1995a, 1995d)]

Pteroeides acutum Tixier-Durivault, 1966

I Pteroeides argenteum (Ellis and Solander, 1786) [Tertiary of Kei Islands]

[See also Bayer (1955a)]

Pteroeides bankanense Bleeker, 1 859

Pteroeides bestae Hondt, 1 984

Pteroeides breviradiatum Kolliker, 1869

Pteroeides caledonicwn Kolliker, 1869

Pteroeides carnosum Tixier-Durivault, 1972

Pteroeides crossieri Tixier-Durivault, 1966

Pteroeides densum Tixier-Durivault, 1966

Pteroeides duebeni Kolliker, 1869

Pteroeides dofleini Balss, 1 909

Pteroeides durum Kolliker, 1872

Pteroeides esperi Herklots, 1 858

Pteroeides flexuosum Tixier-Durivault, 1966

Pteroeides humesi Tixier-Durivault, 1966

Pteroeides hymenocaulon Bleeker, 1 859

Pteroeides isosceles J. S. Thomson, 1915

PteroeidesJungerseni Broch, 1910

Pteroeides laboutei Hondt, 1 984

Pteroeides latissimum Kolliker, 1869

Pteroeides lusitanicum Broch, 1910

Pteroeides malayense Hickson, 1916

Pteroeides morbusus Tixier-Durivault, 1961

Pteroeides oblongum Gray, 1 860

Pteroeides sagamiense Moroff, 1 902

Pteroeides sparmanni Kolliker, 1 869

Pteroeides spicatum Tixier-Durivault, 1972

Pteroeides spinosum (Ellis, 1764)

Pteroeides tenerum Kolliker, 1869

Pteroeides timorense Hickson, 1916

Pteroeides triangulum Tixier-Durivault, 1972

Ptilosarcus Verrill, 1865

[See also Leuckart (1872); Nutting (1909); Verrill (1865); Williams 1995a, 1995d)]

Ptilosarcus gurneyi (Gray, 1860)

Ptilosarcus undulatus (Verrill, 1865)

Renilla Lamarck, 1816 (PI. 8)

[See also Ehrenberg ( 1 834); Eisen ( 1 876); Gray ( 1 860); Herklots ( 1 858); Kolliker ( 1 87 lb);

Kukenthal (1915); Kukenthal and Broch (191 1); Muller (1864); Williams (1995a); Zamponi and

Perez ( 1 996); Zamponi, Perez, and Capitoli (1997)]

Renilla koellikeri (also spelled R. kollikeri or R. kollikeri) Pfeffer, 1886

Renilla muelleri (also spelled R. mulleri or R. mtilleri) Kolliker, 1872

Renilla musaica Zamponi and Perez, 1995

Renilla octodentata Zamponi and Perez, 1995

Renilla reniformis (Pallas, 1766)
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Renilla tentacidata Zamponi, Perez, and Capitoli, 1997

Sarcoptilus Gray, 1 848

[See also Williams (1995a, 1995c, 1995d)]

Sarcoptilus bollonsi (Benham, 1906)

Sarcoptilus grandis Gray, 1 848

Sarcoptilus nullispiculatus Williams, 1995

Sarcoptilus rigidus Williams, 1995

Sarcoptilus shaneparkerii Williams, 1995

Sclerobelemnon Kolliker, 1872

[See also Balss (1910); Hickson (1916); Kolliker ( 1 872); Kukenthal (1915); Kukenthal and Broch

(1911); Thomson and Henderson ( 1 906b); Williams ( 1 995a, 1 995d)]

Sclerobelemnon burgeri (Herklots, 1858)

Sclerobelemnon elongatum Hickson, 1916

Sclerobelemnon gracile (Gravier, 1908)

Sclerobelemnon gravieri Hickson, 1916

Sclerobelemnon koellikeri Thomson and Henderson, 1906

Sclerobelemnon magniflorum Hickson, 1916

Sclerobelemnon schmeltzi Kolliker, 1872

Sclerobelemnon theseus Bayer, 1 959

Scleroptilum Kolliker, 1880

[See also Balss (1910); Kukenthal (1915); Kukenthal and Broch (1911); Williams ( 1 990, 1 995a)]

Scleroptilum grandijlorum Kolliker, 1880

Scytaliopsis Gravier, 1 906

[See also Gravier (1908); Kukenthal (191 5); Williams (1990, 1995a)]

Scytaliopsis djiboutiensis Gravier, 1 906

Scytaliopsis ghardagensis (?Gravenhorst, 1821) (also spelled S. ghardaqana\ a probable nomen
nudem since it is unclear whether this citation represents an original description of a new taxon,

or merely the use of an unsubstantiated name)

[See also Atiya (1994); Schuhmacher and Hinterkircher (1996)]

Scytalium Herklots, 1858

[See also Balss (1910); Hickson (1916); Kolliker, 1870; Kukenthal (1915); Kukenthal and Broch

(1911); Thomson and Simpson ( 1 909); Williams ( 1 995a)]

Scytalium balssi Hickson, 1916

Scytalium martensi Kolliker, 1870

Scytalium sarsii Herklots, 1858

Scytalium tentaculatum Kolliker, 1880 (PI. 1 1)

Stachyptilum Kolliker, 1880

[See also Kukenthal (1915); Kukenthal and Broch (191 1 ); Williams (1995a)]

Stachyptilum dofleini Balss, 1 909

Stachyptilum macleari Kolliker, 1880

Stachyptilum superbum Studer, 1 894

StylatulaVQvrxM 1864

[See also Balss (1910); Jungersen ( 1 904); Kolliker ( 1 870); Kukenthal (1915); Kukenthal and

Broch (1911); Williams (1995a)]

Stylatula antillarum Kolliker, 1870

Stylatula brasiliensis (Gray, 1870)

Stylatula danvini Kolliker, 1870

Stylatula diadema Bayer, 1959

Stylatula elegans (Danielssen, 1 860)
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PLATE 11

Scytalium tentaculatum

After Kolliker, li
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PLATE 12

Ventral

Pennatula naresi

After Kolliker, 1880

Dorsal \
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PLATE 13

Virgiilaria schiiltzei. upper left; Virgiilaria scinillzei, lower left; Peniuilula inflata, center; Pennatiila phosphorea, right.

After Kiikenthal & Broch, 1911
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PLATE 14

Pteroeides punctatum ifc «t

After Thomson & Simpson, 1 909

Gyrophyllum sibogae

After Hickson, 1916
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Stylatula elongata (Gabb, 1862)

Stylatula gracilis {Gahb, 1864)

Stylatula kinbergi Kolliker, 1870

Stylatula lacazi Kolliker, 1870

Stylatula polyzoidea Zamponi and Perez, 1996

Umbellula Cuvier, 1 797 (see Bayer and Grasshoff, 1997) (PI. 1,8)

[See also Broch (1957, 1958a); Cuvier (1800); Ellis (1753, 1755); Grasshoff (1971, 1973, 1982a,

1 982b); Heezen and Hollister (1971); Hickson (1916); Kolliker ( 1 875, 1 880); Kukenthal ( 1 902b,

1915); Kukenthal and Broch (191 1); Lamarck (1801); Mylius (1755); Pasternak ( 1975); Williams

(1990, 1993b, 1995a, 1997a, 1997c); Williams and Rogers (1989)]

Umbellula dwissima Kolliker, 1880

Umbellula encrinus Linnaeus, 1758

Umbellula hemigymna Pasternak, 1 975

Umbellula huxleyi Kolliker, 1880

Umbellula lindahli Kolliker, 1874

Umbellula monocephalus Pasternak, 1975

Umbellula pellucida Kukenthal, 1902

Umbellula spicata Kukenthal, 1902

Umbellula thomsoni Kolliker, 1874 (PI. 8)

Veretillum Cuvier, 1 797

[See also Balss (1910); Gray ( 1 870); Herklots ( 1 858); Hickson (1916); Kukenthal (1915);

Kukenthal and Broch (1911); Williams ( 1 990, 1 995a)]

Veretillum australis (Gray, 1 870)

Veretillum cynomorium (Pallas, 1766) (PI. 7)

Veretillum leloupi Tixier-Durivault, 1960

Veretillum malayense Hickson, 1916

Veretillum manillensis (Kolliker, 1872)

Veretillum tenuis (Marshall and Fowler, 1889)

Veretillum vanderbilti Boone, 1938

Virgularia Lamarck, 1816

[See also Herklots (1858); Kolliker (1880); Koren and Danielssen (1877); Kukenthal (1915);

Kukenthal and Broch (191 1); Richiardi (1869); Williams 1990, 1995a)]

Virgularia abies Kolliker, 1870

Virgularia brochi Kukenthal, 1915

Virgularia bromleyi Kolliker, 1880

Virgularia densa Tixier-Durivault, 1966

Virgularia galapagensis Hickson, 1930

Virgularia glacialis Kolliker, 1870

Virgularia gracillima KoWiker, 1880 I

Virgularia gustaviana (Herklots, 1863)

Virgularia halisceptrum Broch, 1910

Virgularia juncea (Pallas, 1766)

Virgularia kophameli May, 1 899

Virgularia loveni Utinomi, 1971

Virgularia mirabilis (Miiller, 1776)

Virgularia patagonica (a probable nomen nudem since an original description cannot be found and

a type specimen has not been located)

[See also Barrattini and Ureta, 1960; Darwin, 1860]

Virgularia patachonica (see Virgularia patagonica)
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:j: Virgularia preshytes Bayer, 1955a [Tertiary of Trinidad]

[See also Bayer (1957); Belem and Figueiredo Alvarenga (1973)]

Virgularia reimvardti Herklots, 1858

Virgularia ruinphi Kolliker, 1870

Virgularia schultzei Kukenthal, 1910 (PI. 13)

Virgularia tuherculata Marshall, 1883

Geographic Index

Africa — eastern (see Indo-Pacific)

Africa - northern (see North Atlantic and Mediterranean)

Africa - southern

Branch et al. (1994); Broch (1939, 1940); Day (1974b); Day et al. (1970); Molander (1929);

J. S. Thomson (1915, 1917, 1924); Tixier-Durivauh (1954, 1960); Williams (1987, 1989a,

1989b, 1990. 1992, 1993a); Williams and Rogers (1989).

Africa — western

Broch (1910a; 1914b, 1958b); Buchanan (1955); Dollfus (1938); Lopez-Gonzalez et al. (in

press); Molander ( 1 929); Pax and MuUer ( 1 954); Studer ( 1 878); Tixier-Durivault ( 1 96 1 b, 1 963 );

Williams (1987, 1989b, 1990, 1992).

Africa - Atlantic (see Africa - western)

Antarctica (see Southern Oceans)

Arctic Ocean

Broch (1913c, 1955, 1956); Jungersen (1907, 1915, 1917); Lindahl (1874c); Madsen (1948);

May ( 1 900); Mylius (1753,1 754); Pasternak ( 1 980); Verrill ( 1 922); Yashnov ( 1 948).

Asia — northeastern (see Pacific Ocean — northern; or Japan)

Atlantic — eastern (see North Atlantic and Mediterranean or Africa — western)

Atlantic - northern (see North Atlantic and Mediterranean)

Atlantic - western temperate (see North Atlantic and Mediterranean or South America - Atlantic)

Atlantic -western tropical (see Western Tropical Atlantic and Caribbean)

Australia — eastern (see Indo-Pacific)

Australia -northern (see Indo-Pacific)

Australia — southern

Broch ( 1910c); Briggs( 191 5); Godfrey (1943); Gray (1848); McCoy (1892); Pasternak (1966);

Utinomi ( 1 97 1 ); Utinomi and Shepherd ( 1 982); Williams ( 1 995c).

Australia- western

Broch (1910c); Williams (1995c).

Caribbean Sea (see Western Tropical Atlantic and Caribbean)

Cosmopolitan (see Worldwide)

East Africa (see Africa - eastern)

East Asia (see Indo-Pacific)

Eastern Australia (see Indo-Pacific)

Eastern Pacific -western North America (see North America - Pacific)

Eastern Pacific — western South America (see South America — Pacific)

Europe (see North Atlantic and Mediterranean)

Indo-Pacific (including Red Sea*)

Alcock(1902); Allen and Steene (1994); *Atiya (1994); Briggs (1915); Clastres et al. (1984);

Colin and Ameson (1995); Dinamani (1965); Fowler (1894); Gosliner et al. (1996); Gravely

(1941); *Gravenhorst (1821); *Gravier (1906a, 1906b, 1906c, 1907a, 1908, 1912a); Hickson

(1905); Hondt (1984a, 1984b); Hornell (1922); Humes (1978); Imahara (1991); Koo (1935,
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1 940); *Kukenthal (191 3b); Light ( 1 92 1 ); *Magnus ( 1 966); A. M. Marshall and Fowler ( 1 889);

Mather and Bennet ( 1 993); Nakasone and Yu ( 1 987); Nutting ( 1 908); Pasternak ( 1 964); Ridley

(1883); Roule (1908); SankoUi and Neelakantan (1971); *Schuhmacher and Hinterkircher

(1996); Simpson ( 1 905); J. A. Thomson (1905); J. A. Thomson and Crane ( 1 909a, 1 909b); J. A.

Thomson and Henderson (1905a, 1905b, 1906a, 1906b); Tixier-Durivault (1960, 1965. 1966,

1972); Tixier-Durivault and Hondt (1974a); Utinomi (1956b).

Japan

Balss (1910); Fisher ( 1 874); Hubrecht ( 1 885 ); Kumano (1937); Moroff ( 1 902b); Nutting (1912);

Okutani (1969); Steams (1883); Stimpson (1855); J. A. Thomson and Rennet (1927); Utinomi

(1956a, 1958, 1961, 1964).

Mediterranean Sea (see North Atlantic and Mediterranean)

New Zealand

Benham (1906, 1907); Dendy ( 1 897); Hamilton (1958); Hutton (1904); Powell (1947); Williams

(1995c).

North America -temperate Atlantic (see North Atlantic and Mediterranean)

North America — Pacific

Allen (1969); Anonymous (1898); Batie (1972); Belcik (1977); Blake (1872, 1873); Brusca

(1980); Dawson (1872); Fautin et al. (1987); Flora and Fairbanks (1966); Gabb (1862, 1864)

Gotshall (1987, 1994); Gotshall and Laurent (1979); Hartman (1960); Hickson (1930a)

Hochberg and Ljubenkov (1998); Human (1973); Johnson and Snook (1935); Kerstitch (1989)

Kozloff (1974, 1983, 1987); Kukenthal (1913a); Lam et al. (1982); Nutting (1909); Ricketts et

al. (1985); Sclater (1872, 1873); Shimek (1998); Stearns (1873a); Strathmann (1988); Studer

(1894); Verrill (1865, 1868a, 1868b).

North Atlantic and Mediterranean (Europe and eastern North America)

Abel (1963); Alder (1862); Alder (1863); Altuna-Prados (1994); Andree (1912); Angelis

(1895?); Arculeo et al. (1990); Atkinson (1989); Broch (1913a, 1914a, 1953); Baluk and Pisera

(1984); Bellini (1905); Berenguier (1954); Broch (1953); Demir (1952); Dyer et a 1 (1981);

Eckelbarger et al. (1998); Ellis (1753, 1755, 1764); Field (1949); Fischer (1889); Forbes and

Goodsir (1851); Gili and Pages ( 1 987); Gili et al. ( 1 987); Grasshoff ( 1981,1 982a, 1 982b, 1 989);

Grieg (1887, 1892, 1893, 1896); Jahn (1970); Keller et al. (1975); Koren and Danielssen (1847,

1856, 1874, 1877, 1883, 1884); Kramp (1932, 1933, 1950); Lacaze-Duthiers( 1891); Langton et

al. (1990); Lindahl (1874a, 1874b, 1874c); Luther and Fiedler (1961 ); Madsen ( 1948); Manuel

(1981); Marion (1906); Mylius(1753, 1754); Nobre (1931); Patterson (1986); Pax (1936); Pax

and Muller (1953, 1955a, 1955b, 1955c, 1959, 1962); Peres and Picard (1958); Perrier (1936);

Rice et al. (1992); Riedl (1963, 1983); Rossi (1971); Roule (1905); Rowe(1971); Sars (1846,

1 85 1 ); Stephens ( 1 909); Tixier-Durivault and Lafargue ( 1 968); Vafidis and Koukouras ( 1 99 1 );

Vafidisetal. (1994); Verrill (1878, 1879, 1882a, 1882b,1884a, 1884b, 1885a).

Northern Pacific (see Pacific Ocean - northern)

Pacific Ocean - eastern (see North America - Pacific)

Pacific Ocean - northern

Blake (1872, 1873); Broch (1935); Pasternak (1960, 1961a, 1970); Rho and Song (1976, 1977).

Pacific Ocean — western (see Indo-Pacific)

South America (Atlantic)

Bailtini and Ureta (1960); Acuiia and Zamponi (1992); ); Belem and Figueiredo Alvarenga

(1973); Darwin (1860); Pasternak (1975b, 1993); Sanchez (1994); Tommasi et al. (1972);

Zamponi and Perez (1996); Zamponi etal. (1997).

South America (Pacific)

Pasternak (1975b); Perez (1996); Zuniga (1948).

Southeast Asia (see Indo-Pacific)
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Southern Asia (see Indo-Pacific)

Southern Africa (see Africa- southern)

Southern Australia (see Australia - southern)

Southern Oceans (Antarctica and the subantarctic)

Acuna and Zamponi (1992); Branch and Williams (1993); Kukenthal (1912a); May (1900);

Pasternak ( 1 96 1 b, 1 962 ); J. A. Thomson and Rennet ( 1 93
1 ); Zamponi and Perez ( 1 995a, 1 995b).

Subantarctic (see Southern Oceans)

West Africa (see Africa - western)

Western Australia (see Australia - western)

Western Tropical Atlantic and Caribbean

Bayer (1957, 1959, 1961); Cairns, Hartog, and Ameson (1986); Deichmann (1936a, 1936b);

Fowler (1888); Kaplan (1982, 1988); Keller et al. (1975); Pasternak (1975a); Sanchez (1994);

Voss(1976).

Worldwide

Bayer (1956); Kukenthal (1915); Williams (1995a, 1997e, 19970-

Subject Index

Note: The largest percentage, approximately 37%, of the citations listed pertain to

taxonomy and geographic records (see Fig. 1).

Anatomy (see Morphology and Ultrastructure)

Behavior

P. A. V. Anderson (1976); P. A. V. Anderson and Case (1975); Buisson (1974, 1976, 1980,

1988); Darwin (1860); Couet (1979); Dickinson (1978); Hoare and Wilson (1977); Kastendiek

(1975a, 1975b, 1976); Lancaster (1601); Langton et al. (1990); Mori (all citations); Mori and Ondo

(1957); Mori and Tanase( 1973); Pantin (1950); Pavans de Ceccatty and Buisson (1965); Takadaand

Mori (1956, 1957).

Bibliography

Bayer (1981a, 1996); Hickson (1916); KQkenthal (1915); D. W. Thompson (1885); Williams

(1990).

Biography (Regarding Authors of Pennatulacean Research)

Boeseman ( 1 973 ); Forest ( 1 996); Fransen et al. ( 1 997); Gardiner ( 1 940); Holthuis ( 1 993, 1 995);

Smit (1979); Zimmer (1925).

Bioluminescence

Agassiz (1850); Aldrovandi (1642, 1648); Anctil et al. (1982); J. M. Anderson and Cormier

(1978); J. M. Anderson et al. (1974, 1978); P. A. V. Anderson and Case (1975); Awad and Anctil

(1993a, 1993b); Batie (1972); C. Bauhin (1620, 1671 ); J. Bauhin ( 1650-51 ); Bilhaut (1975a, 1975b);

Blainville (1834); Boussuet (1558); Buck (1973); Chiaje (1827); Charbonneau (1981); Cormier

( 1 978); Davenport and Nicol ( 1 956); DeLuca et al. ( 1 976); Dittrich ( 1 888 ); Ehrenberg ( 1 834c); Ellis

( 1 764); Forbes ( 1 847); Forbes and Goodsir (1851); Germain and Anctil ( 1 988); Gesner ( 1 555, 1 558)

Grant (1827, 1829); Grober (1990a, 1990b); Hart et al. (1979); Harvey (1917, 1920, 1940, 1952)

Hastings (1968, 1983); Hastings and Morin (1969); Herdman (1913a); Herring (1978, 1991); Hori

and Cormier ( 1 973); Hori et al. ( 1 972, 1 973); Imperato ( 1 599); Korotneff ( 1 887); Kreiss and Cormier

( 1 967); Krukenberg ( 1 887, 1 888); Mangold ( 1 9 1 0); N. B. Marshall ( 1 979); Matem ( 1 984); Matthews
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BIOCHEMISTRY & NATURAL PRODUCTS ^ TAXONOMY & GEOGRAPHIC RECORDS

MORPHOLOGY & ULTRASTRUCTURE

ECOLOGY & BIOTIC INTERACTIONS

PHYSIOLOGY & CELL BIOLOGY

GENERAL NATURAL HISTORY & BIOLOGY

FiCiURE 1. Quantitative analysis of the literature by field of study.

etal. (1977); Morin (1974, 1976, 1998); Nealson et al. (1986); Nicol ( 1955a, 1955b, 1955c, 1958);

Panceri (1871b, 1871c, 1872a, 1872b, 1872c); Parker (1920c); Peron (1804); Pratje (1923); Rapp

( 1 827); Royal Society ( 1 870); Satterlie and Case ( 1 979); Shaw ( 1 838^6); Shiinomura and Johnson

(1975, 1979); Scares and Sawaia (1975); Spallanzani (1784, 1796); Spurlock and Cormier (1975);

Tilesius von Tilenau (1819); Titschack (1965, 1966); Tizard et al. (1885); Wampler et al. (1971,

1 973 ); Ward ( 1 979); Ward and Cormier ( 1 978a, 1 978b); Williams ( 1 990); Wyville Thomson ( 1 874).

Corals (Pre-Linnean General Natural History)

Boccone ( 1 670); Marsigli ( 1 725); Peyssonnel ( 1 753); Rondelet ( 1 554- 1 555); Woodward ( 1 695 ).

Ecology and Biotic Interactions

P. K. Anderson (1989); Atkinson (1989); Bertsch (1968, 1982); Best (1988); Birkeland (1969,

1971, 1974); Brafield (1969); Creed and CouU (1984); Davis (1978); Davis et al. (1982); Dawydoff

( 1 930, 1 938); Day (1974a); Dube and Ball ( 1971 ); Eager ( 1 968); Fujita and Ohta ( 1 988); ); Gili et al.

(1987); Gilluly (1970); Gosliner etal. (1996); Hornell (1922); Howson and Davies (1991 ); Humes

(1978); Jones (1960); Kastendiek (1975a, 1975b, 1976, 1982); Lam et al. (1982); Laubier (1972);

Magnus (1966); Mariscal and Bigger (1977); McDonald and Nybakken (1978); Miyajiina (1897,

1 900); Mori (all citations); Mori and Ondo (1957); Mori and Tanase ( 1 973 ); Nakasone and Yu ( 1 987);

Okutani (1969); Rainesh et al. (1985); Rittschof et al. (1986, 1988); Rowe (1971); Sankolli and

Neelakantan (1971); Shepherd (1983); Shimek (1998); Short and Trower (1986); Standing et al.

(1984); Thompson et al. (1988); Tyler et al. (1995).
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1

General Natural History and General Biology

Alcock ( 1 902); Allen ( 1 969); Arculeo et al. ( 1 990); Amdt ( 1 9 1 2); R. D. Barnes ( 1 987); R. S. K.

Barnes et al. (1988); Bayer (1973, 1981a); Bayer et al. (1983); Bayer and Owre (1968); Bellomy

(1974); Bourne (1900); Branch et al. (1994); Brusca and Brusca (1990); Colin and Ameson (1995);

Coleman and league (1973); Cooke (1889); Dakin(1953); Dalyell (1848); Darwin (1860); Delage

and Herouard(1901); Donovan (1995); Dunn (1982); Faulkner and Chesher( 1979); Fossa and Nilsen

( 1 995); Frische ( 1 99 1 ); Gage and Tyler ( 1 99 1 ); Gesner ( 1 565); Hadi ( 1 994); Hardy ( 1 967); Gosliner

et al. (1996); Gotshall (1987, 1994); Gotshall and Laurent (1979); Gravier (1912b); Haeckel (1904);

Hardy (1965, 1967); Heezen and HoUister (1971 ); Hickson (1906, 1909, 1930b); Huxlely (1907);

Hyman (1940); Johnson and Snook (1935); Kaplan (1982, I988);Kerstitch (1989); Koren and

Danielssen (1877); Kozloff (1974, 1983, 1987, 1990); Kukenthal (1923-1925); Lancaster ( 1601 );

Luther and Fiedler (1961); Lutz (1986); Lydekker (no date); MacGinitie (1938); MacGinitie and

MacGinitie (1968); N. B. Marshall (1979); W. P. Marshall (1895); Mather and Bennet (1993);

Meglitsch (1972); Milne and Milne (no date); Milne Edwards and Haime (1857); Ming (1993);

Modeer ( 1 786); H. B. Moore ( 1 937); Moseley ( 1 872); Moss ( 1 878); Mylius ( 1 753, 1 754); Nordgaard

(1905); Omori (1991); Pearse et al. (1987); Philippi (1835); Pimentel ( 1967); Ricketts et al. ( 1985);

Riedl (1963); Ricketts et al. (1985); Rondelet (1554-1555); Rumphius (1705); Schechter (1959);

Schomann ( 1 949); Schuhmacher and Hinterkircher ( 1 996); Sclater ( 1 872, 1 873 ); Smith ( 1 964); Smith

and Carlton (1975); Sphon (1964); Sprung and Delbeek (1997); Thurston (1890); Tilesius ( 1812);

Tizard et al. (1885); Tixier-Durivault (1987); A. Trembley (1744); Tyler and Zibrowius (1992);

Utinomi (1956a, 1964); Voss (1976); Wilkins and Birkholz ( 1986); Williams (1986, 1993a, 1995a,

1997c); Wyville Thomson (1874); Zim and Ingle (1955).

Histology

Hasar

Titschack(1970).

ology
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. 1971b. Activites electriques spontanees et reactions motrices au cours de rythmes comportmentaux de

la colonic Veretillum cynomorium Pall. (Cnidaire Pennatulidae). Vie et Milieu (Serie A) Biologic marine

22(2):327-372. [In French with English and German summaries; circadian functions; contraction expansion

rhythm, control and stimulation effects.]

. 1973. Donnees sur le comportement rythmique du polype i.sole de la colonic de Veretillum cynomorium

Pall. (Cnidaria Pennatularia). Comptes rendus hebdomadaires des seances de PAcademic des sciences, Paris

(Serie D) Sciences Naturelles 277( 1 5):54 1-1 544.

. 1974. The behaviour and the nervous system of Veretillum cynomorium Pall. (Cnidaria Pennatularia).

Zoologischer Anzeiger 1 92(3^): 1 65-1 74.

. 1976. Note on the behavoural physiology of Pteroide.s griseum (Bohadsch) (Cnidaria Pennatularia).

Zoologische Jahrbucher, Abteilung fur Allgemeine Zoologie und fysiologie der Tiere 80(3):223-230.

. 1979. Sur I'origine des pulsations du polype isole de la colonic dc Veretillum cynomorium (Pall.)

(cnidaire anthozoaire). Comptes rendus hebdomadaires Seances Academic des Sciences, Paris (Serie D)

Sciences Naturelles 288( 10):891-894. [Polyp; isolated, contraction generation, influencing factors.]

—
. 1980. Data on the rhythmic behaviour of a young sea-pen (Veretillum cynomorium). Zoologischer

Anzeiger 205( l-2):2a-26.
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. 1988. Sur le rhythme d'expansion-contraction circadien du cnidaire octocoralliaire Veretillitm cyno-

morium Pall: la recherche de photorecepteurs. Bulletin de la Societe Zoologique de France 1 1 3(3):279-283.

BUISSON, B. AND S. Franc. 1969. La structure et Tultrastucture des cellules mesenchymateuses et nerveuses

intramesogleennes de VeretiJlum cynomoriiim Pall. (Cnidaire, Pennatulidae). Vie et Milieu 20(2-A):

279-291.

BUJOR, P. 1901. Sur Torganisation de la Veretille (Veretillum cynomoriiim (Pall.) Cuv. var. styliferu KoUik.).

Archives de zoologie experimentale et generate. Notes (3)9:xlix-lx. [Morphology; Veretillum cyno-

morium.]

Bullock, E. 1970. Occurrence of free porphyrins in certain coelenterates. Comparative Biochemistry and

Physiology 33:71 1-712. [Biochemistry; Balticina finmarchia.]

BULLOUGH, W. S. 1950. Practical invertebrate anatomy. MacMillan and Company, London. 463 pp. [Pennatu-

laceans, pp. 74—76; Penmitula.\

Buss, L. W. AND A. Seilacher. 1 994. The phylum Vendobionta: a sister group of the Eumetazoa? Paleobiology

20( 1 ): 1^. [Classification of the Vendian biota.]

Cairns, S., J. C. den Hartog, and C. Arneson. 1986. Class Anthozoa (Corals, anemones). /// Marine Fauna

and Flora of Bemiuda, W. Sterrer, ed. John Wiley and Sons, Inc., New York. 742 pp. [Anthozoans, pp.

159—194; Sclerohelemnon cf theseus.]

Carlgren, O. 1940. A contribution to the knowledge of the structure and distribution of the cnidae in the

Anthozoa. Acta Universitatis Lundensis 36(3): 1-62. [Kophohelemuon stelliferum - cnidae.]

. 1945. Polypdyr (Coelenterata), III: Koraldyr. Danmarks Fauna Kobenhavn 51:1-167. [Fimiculina

quadrangularis, Kophohelemnon stelliferum, Pavonariafinmarchica, Pavonaria christii, Pennatula phos-

phorea, Pennatula aculeata, Pennatula grandis, Protoptilum thomsoni, Stylatula elegans, Virgularia

mirahilis, Virgularia tuherculata.]

Carpine, C. and M. Grasshoff. 1985. Catalogue critique des Octocoralliaires des collections du Musee

oceanographique de Monaco. 1. Gorgonaires et pennatulaires. Bulletin de Flnstitut oceanographique,

Monaco 73(1435): 1-71.

Case, J. and J. Morin. 1966. Glutamate suppression and neuroeffector processes in a coelenterate. American

Zoologist 6:525 (abstract). [Renilla koellikeri.]

Castro, C. B. 1 98 1 . Notas sobre Stylatula hrasiliensis (Gray, 1 870) (Coelenterata, Octocorallia, Pennatulacea).

/// Resumos du VI Congreso Brasileiro de Zoologia, Sociedade Brasileira de Zoologia, Brasilia. 80 pp.

Cecchini, C. 1917. Gli Alcionari e i Madreporari raccolti nel Mediterraneo dalla R.N. "Washington"

(1 881-1883). Archivio zoologico italiano, Napoli 9:123-157. [Funiculina quadrangularis, Kophohelem-

non leuckarti.]

Chapman, F. and I. Crespin. 1928. The Sorrento Bore, Momington Peninsula, with a description of new or

little-known fossils. Victoria Geological Survey, Records 5(l):89-90, 14, 175. [Graphularia kallimnae

from the Tertiary of Australia.]

Chapman, G. 1972. A note on the oxygen consumption oi Renilla kollikeri Pfeffer. Comparative Biochemistry

and Physiology (A)42(4):863-866.

Charbonneau, H. 1981. The calcium receptors in colelenterate bioluminescence and plants: a study of plant

calmodulin and the luciferin binding protein from Renilla. Dissertation Abstracts International (B) Sciences

and Engineering 42(2):466. [Renilla reniformis\ calcium triggered luciferin binding protein; purification

and characterization.]

Chia, F.-S. and B. J. Crawford. 1973. Some observations on gametogenesis, larval development and substra-

tum selection of the sea pen Ptilosarcus guerneyi. Marine Biology 23( 1 ):73-82.

. 1 977. Comparative fine structural studies of planulae and primary polyps of identical age of the sea pen,

Ptilosarcus gurneyi. Journal of Morphology 1 5 1( 1 ): 1 3 1-1 57.

Chiaje, S. della. 1 827. Memorie suUa storia e notomia degli animali senza vertebri del regno di Napoli. Napoli.

. 1 84 1^4. Descrizione e notomia degli animali invertebrati delle Sicilia citeriore osservati vivi negli anni

1822-1830, 2nd ed. 8 vols. Napoli.

Child, CM. 1951. Oxidation-reduction indicator patterns in three coelenterates. Physiological Zoology

24:97-1 15. [Stylatula elongata.]

Chun, C. 1903. Aus den Tiefen des Weltmeeres. Schilderungen von der Deutschen Tiefsee-Expedition, 2nd ed.

Verlag von Gustav Fischer. 592 pp.
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Clastres, a., a. Ahond, C. Poupat, P. Potier, and S. K. Kan. 1984. Invertebres marins du lagon Neo-

Caledonien, 2. Etude structurale de trois nouveaux diterpenes isoles du pennatulaire Pteroeides lahoutei.

Journal of Natural Products 47(1): 155-161. [Pteroeides lahoutei, lipid and fatty acid content. New
Caledonia.]

Clastres. A., P. Laboute, A. Ahond, C. Poupat, and P. Potier. 1984. Invertebres marins du lagon

Neo-Caledonien, 3. Etude structurale de trois nouveaux diterpenes isoles du pennatulaire, Cavenndina

grandijlora. Journal of Natural Products 47(1): 162— 166. [Cavernidina grandiflora.]

Coan, M. H. and J. Travis. 1970. Comparative biochemistry of proteases from a coelenterate. Comparative

Biochemistry and Physiology 32:127—139.

Coleman, D. E. and C. Teague. 1 973. Sea pansies. Pacific Discovery 26(5 ):28-29. [The genus Renilla. includes

black and white photographs of living animals.]

Colin, P. L. and C. Arneson. 1995. Tropical Pacific invertebrates—a field guide to the marine invertebrates

occurring on tropical Pacific coral reefs, seagrass beds and mangroves. Coral Reef Press, Beverly Hills.

296 pp. [Color photographs of living animals: Cavernularia, Cavenmlina, Pteroeides, Virgidaria.]
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evolution of Metazoa and the significance of problematic taxa, A. M. Simonetta and S. Conway Morris,

eds. Proceedings of an International Symposium held at the University of Camerino 27—31 March 1989.

Cambridge University Press, Cambridge. 296 pp. [Fossil ta.xa resembling pennatulaceans: Chaniiodisciis,

Charnia, Pteridinium
.

]

. 1993. Ediacaran-like fossils in Cambrian Burgess Shale-type faunas of North America. Palaeontology

36(3):593—635. [Fossil taxon Thaiimaptilon walcotti, resembling a sea pen.]

Cooke, M. C. 1889. Toilers in the sea. Society for promoting Christian knowledge, London. 373 pp. [Pennatu-

laceans, pp. 207-214; Pennatida phosphorea, Pavonaria quadrangularis.]

Cormier, M.J. 1978. Applications of Ren ilia bioluminescence: an introduction. Methods in Enzymology

57:237-244. [Luminescence; proteins and substrates characteristics and energy transfer.]
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Museum (Natural History), Zoology series 39(5):273-291. [P. 274. status of Pennatida mollis Alder.

1867:207 (also of Norman, 1867:196, 206), considered a junior synonym of Pennatula phosphorea

Linnaeus, 1758:818.]

Cornelius, P. F. S. and J. W. Wells. 1 988. Ellis and Solander's 'Zoophytes.' 1 786: six unpublished plates and

other aspects. Bulletin of the British Museum (Natural History), History series 16(1): 1 7-87.

Costa. O.G. 1841a. Storia e notomia delle Pennatule. In Frammenti di anatomia comparata. Napoli. 3 fascicles.

. 1841b. Sur les Pennatules. Flnstitut 9(407):345.

Costa Soares, V. M. F. 1979. Stylatida antillarwn Kolliker, 1870 (Octocorallia, Pennatulacea, Virgulariidae).

in Resumos du VI Congreso Brasileiro de Zoologia, Brasilia. 80 pp.

COTTE, J. 1909. Sur le mot Veretilliiin. Bulletin de la Societe linneenne de Provence, Marseille 1:31-34.

[Veretillum.]

COUET, H. G. DE. 1979. Biologic. Der wandemde Korallenstock. Tauchen 2(2):46-47. [Pennatulaceans: bur-

rowing; colony formation; photoperiodic behavior.]

Coulon, L. 1928. Sur quelques animaux curieux du Musee d' Elbeuf Societe d'Etude des Sciences Naturelles

d'Elbeuf Bulletin 46:92-93. [Pennatula rubra.]

Coward, W. E. 1909. "On Ptilocodium repens." Verslangen en mededeelingen der Koninklije akademie van

wetenschappen. Afdeeling natuurkunde 17:635-641. [Cited by Hickson (1916:256) with unspecified

pagination.]

Crawford, B. J. and F.-S. Chi a. 1974. Fine structure of the mucous cell in the sea pen, Ptilosarcus guerneyi,

with special emphasis on the possible role of microfilaments in the control of mucus release. Canadian

Journal of Zoology 52(1 2): 1427-1432.

Creed, E. L. and B. C. Coull. 1984. Sand dollar. Melitta quinquiesperjorata (Leske). and sea pansy, Renil-

lareniformis (Cuvier) effects on meiofaunal abundance. Journal of Experimental Marine Biology and

Ecology 84(3 ):225—234. [Behavioral interactions, disturbance effects on meiofaunal abundance in South

Carolina.]

Cuvier, G. L. C. F. D. 1797. Tableau elementaire de fhistoire naturelle des animaux. Bandouin, Paris. 710 pp.

. 1 800. Legons d'anatomie comparee de G. Cuvier. Recueilles et publiees sous ses yeux, par C. Dumeril.

Vol. 1. Bandouin, Paris. 521 pp.
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CzECZUGA, B. 1973. Comparative studies of carotenoids in the fauna of the Gullman Fjord (Bohus, Sweden). 1.

Alcyonium digitatum and Pennatula phosphorea (Anthozoa). Marine Biology 19(3):206-209.

Dakin, W. J. AND OTHERS. 1953. Australian seashores. A guide for the beach lover, the naturalist, the shore

fisherman, and the student. Angus and Robertson, London. 372 pp. [Coelenterata pp. 120^139; Cavernii-

laria ohesa.]

Dalyell, J. G. 1839. On the reproduction of the Virgularia or Pennatula mirahilis. Edinburgh New Philosophi-

cal Journal 27:379-381. [Also published in 1840 in Froriep's Notizen 14:65-68.]

. 1848. Rare and remarkable animals of Scotland . . . with . . . observations on their nature 1 and 2. J. Van

Voorst, London.

Dana, J. D. 1846. Zoophytes. United States Exploring Expedition during the years 1838-1842, under the

command of Charles Wilkes, U. S. N., Vol. 7. C. Sherman, Philadelphia. 740 pp. [On p. 586, Dana corrects

the familial name of Ehrenberg (1834) from Pennatulina to Pennatulidae.]

Danielssen, D. C. 1860. Beskrivelse over en ny Art Virgularia. Forhandlinger i Videnskabs-selskabet i

Christiania 1859:251.

. 1864. Era den Norske Nordhavs-expedition, Kristiania: 1884:1^6. [UmheUuIa encrimis: 2306 mm in

length.]

Danielssen, D. C. and J. Koren. 1884. Pennatulida. Den Norske Nordhavs-Expedition, 1876-1878, Zoologi

12:1-84. Christiania. [Umbellula.]

Darwin, C. R. 1860. The voyage of the Beagle, annotated and with an introduction by Leonard Engel; 1962

republication. Anchor, Doubleday and Company, New York. 524 pp. [Behavior and description of a sea

pen {""Virgularia patagonica") at Bahia Blanca, Argentina, pp. 100, 101 and 202 in the 1889 edition of

"The Voyage" as cited by Hickson 1916:28.]

Datta, p. K., a. K. Ray, A. K. Barua, S. K. Chowdhuri, and A. Patra. 1990. Isolation of a bioactive sterol

from a sea pen Pteroeides esperi. Journal of Natural Products (Lloydia) 53(5): 1347-1348.

Davenport, D. and J. A. C. Nicol. 1956. Observations on luminescence in sea pens (Pennatulacea). Proceed-

ings of the Royal Society (B) 144:480-496.

Davis, A. G. 1936. The London clay of Sheppey and the location of its fossils. Proceedings of the Geological

Association of London 47(4):340—345. [Graphularia wetherelli.]

Davis, N. 1978. Studies of the southern California nearshore sand bottom community. Dissertation Abstracts

International (B) 39(3): 1080. [Stylatula elongata; northern Pacific Ocean of California; artificial reef,

effects on population.]

Davis, N., G. R. van Blaricom, and P. K. Dayton. 1982. Man-made structures on marine sediments: effects

on adjacent benthic communities. Marine Biology 70(3):295-303. [Stylatula elongata: population changes,

California.]

Dawson, C. E. 1966. Additions to the known marine fauna of Grand Isle, Louisiana. The Proceeding of the

Louisiana Academy of Sciences 29:175-180. [Virgularia mirahilis, new record to Louisiana.]

Dawson, J.W.I 872. The pennatulid from Washington Territory. Nature 6:5 1 6. [Axis ofHalipteris willemoesi.]

Dawydoff, C. 1930. Coeloplana duhoscqui nov. sp., Coeloplanide Provenant du Golfe de Siam, Commensale

des Pennatules. Archives de Zoologie Experimentale et Generale 70:87-90.

. 1938. Les Coeloplanides Indochinoises. Archives de Zoologie Experimentale et Generale. Paris

80: 1 49 1 6 1 . [Pteroeides sp.]

Day, J. H. 1974a. The ecology of Morrumbene Estuary, Mozambique. Transactions of the Royal Society of

South Africa 41(1 ):3-97.

. 1 974b. A guide to marine life on South African shores, 2nd ed. A. A. Balkema, Cape Town. [Octocorals,

pp. 33-35; Pennatula spp., Virgularia schultzei, Virgularia gustaviana.]

Day, J. H., J. G. Field, and M. J. Penrith. 1970. The benthic fauna and fishes of False Bay, South Africa.

Transactions of the Royal Society of South Africa 39( 1 ): 1-1 08.

Deichmann, E. 1936a. Notes on Pennatulacea and Holothuroidea collected by the first and second Bingham

Oceanographic Expeditions 1925—1926. Bulletin of the Bingham Oceanographic Collection, New Haven

5(3): 1-1 1. [Stylatula antillarum, Stylatula elongata, Stylatula hrasiliensis, Stylatula gracilis, Stylatula

dai-wini, Umbellula guntheri.]

. 1936b. The Alcyonaria of the western part of the Atlantic Ocean. Memoirs of the Museum of

Comparative Zoology, Harvard 53: 1-3 1 7. [Acanthoptilum pourtalesii, Acanthoptilum agassizii, Anthopti-

lum grandiflorum, Anthoptilum murrayi, Anthoptilum sertum, Balticina Jinmarchica, Balticina christii.
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Distichopliliim gracile, Funiculina quadrangularis, Gyrophyllum hirondellei, Kopliohelemnoii stellijerum,

Ptilosarcus (Leioptilus), Pennatula grandis, Pennatula aculeata var. laxa, Pennatula hellissima, Pennatitia

americana, Pennatula phosphorea, Pennatula rubra, Pennatula prolifera. Protoptilum carpenterii, Pro-

toptilum aberrans, Protoptilum thomsonii, Protoptilum denticulatum. Protoptilum smitti. Pteroeides

griseunu Pteroeides lusitanicum, Ptilosarcus undulatus, Ptilosarcus guerneyi. Ptilosarcus brevicaulis,

Ptilosarcus sinuosus, Ptilosarcus grayi, Renilla nmlleri, R. reniformis forma typica. Renilla reniformis

forma americana, Renilla kollikeri, Scleroptilum grandiflorum, Scleroptilum gracile, Stylatula elegans,

Sti-latula brasiliensis, Stylatula darwini, Stylatula antillarum, Umbellula giintheri, Umbellula lindahlii,

Umbellula gracilis, Umbellula crassiflora, Umbellula thomsoni, Umbellula encrinus var. ambigua, Veretil-

lum binghami sp. nov. from California, Virgularia mirabilis, Virgularia kophameli, Virgularia sp.,

Virgularia tuberculata.]—
. 1 94 1 . Coelenterates collected on the Presidential cruise of 1 938. Smithsonian miscellaneous collections

99( 10): 1-1 7. [Leioptilus undulatus, Renilla kollikeri var. tigrina.]

Dekay, J. E. 1822. Observations on the Pennatule fleche (P. sagitta of LaMarck), in the cabinet of Dr. Mitchell.

American Journal of Science and Arts 4:87-89.

Delage, Y. andE. Herouard. 1901. Traite dezoologie concrete, LesCoelenteres 2(2). LibrairieC. Reinwald,

Paris. 848 pp. [Pp. 429-458 dedicated to morphology and anatomy in Pennatulacea. with detailed illustra-

tions of development in Renilla; other taxa illustrated include Veretillum, Umbellula, Kophobelemnon,

Funiculina, Pennatula, Pteroeides, Virgularia, and Stylatula; plate 54 - morphology o^ Kophobelemnon.]

Deluca, M., M. E. Dempsey, K. Hori, and M. J. Cormier. 1 976. Source ofoxygen in the CO2 produced during

chemiluminescence of firefly luciferyl-adenylate and Renilla luciferin. Biochemical and biophysical

research communications 69( 1 ):262-267.

Demir, M. 1952. The invertebrate benthos of the Bosporus and of the litoral of the Seaof Marmara closer to the

Bosporus. Istanbul Universitesi fen Fakultesi Hidrobiologie Arastirma Enstitiisu yayiinlariidan. 3:1-615.

[In Turkish.]

Dendy, a. 1897. On Virgularia gracillima in Lyttelton Harbour. Transactions and Proceedings of the New
Zealand Institute 29 (new series 12):256-257. [Abstract in Zoologisches Centralblatt 5:251; Virgularia

gracillima.]

de Waele, J. -P. et al. (See Waele, J. -P. DE et al.)

D'HoNDT, M.-J., or d'Hondt, M.-J. (See Hondt, M.-J. d\)

Dickinson, P. 1978. Conduction systems controlling expansion-contraction behavior in the sea pen Ptilosarcus

gurneyi. Marine Behaviour and Physiology 5(2): 163— 183. [Nervous electrophysiology; nerve net control

of expansion contraction behaviour.]

Dinamani, p. 1965. On a collection of Umbellula from the Arabian Sea. Nytt Magasin for Zoologi 12

(1 964/65 ):30-34.

Ding, Q. and Y. Chen. 1981. Discovery ofsoftmetazoan from the Sinian system along eastern Yangtze Gorge,

Hubei. Earth Science, Journal of Wuhan College of Geology 1981 (2)15:53-57. [Charnia dengyingensis

sp. n.; China; Proterozoic; Precambrian fossil resembling a sea pen.]

DiTTRlCH, R. 1888. Uber das Leuchten der Tiere. Wissenschaftliche Beilage zum Program d. Realgymm. am

Zwinger zu Breslau. 70 pp. [Bioluminescence.]

DOLLFUS, R. 1938 (or 1939). Sur un octocoralliaire du genre Cavernularia, commun sur les fonds cotiers de

TAtlantique Marocain. Travaux de la Station zoologique de Wimereux 13:243-265. [Cavernularia pusilla.]

DODERLEIN, L. 1 902. Ueber die Beziehungen nahe verwandter Tierformen zu einander. Zeitschrift fiir Morpholo-

gic und Anthropologic Bd. 4:394.

DONOVAN, P. 1995. Sea pens. Tropical Fish Hobbyist 43(7):52, 54-57, 60, 62.

DUBE, M. A. AND E. Ball. 1971. Desmarrestia sp. associated with the sea pen Ptilosarcus gurneyi (Gray).

Journal of Phycology 7:218-220. [Ecological interaction: rhodophyte alga with sea pen.]

DUNKELBERGER, D. AND N. Watabe. 1972. Electron microscope study of the coenenchyme in the pennatulid

colony Renilla reniformis, with special emphasis on spicule formation. American Zoologist 12:716-717.

. 1974. An ultrastructural study on spicule formation in the pennatulid colony Renilla reniformis. Tissue

and Cell 6(4):573-586.

DUNN, D. F. 1982. Cnidaria. In Synopsis and Classification of Living Organisms, S. A. Parker, ed. McGraw-Hill

Book Co., New York. 1:669-706.
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Dyer, M. F., W. G. Fry, and P. D. Fry. 1981. Results from North Sea benthos surveys. Porcupine Newsletter

2(1): 12-14. [Pennatida phosphorea\ distribution and population density in the North Sea.]

DziK, J. 1991. Is fossil evidence consistent with traditional views of the early metazoan phylogeny? Pp. 47-56

in Proceedings of an International Symposium held at the University of Camerino 27-31 March 1989,

A. M. Simonetta and S. Conway Morris, eds. Cambridge University Press, Cambridge. 296 pp. [Discusses

the enigma of the paucity of Cambrian/Precambrian coelenterates.]

ECKELBARGER, K. J., P. A. Tyler, AND R. W. Langton. 1998. Gonadal morphology and gametogenesis in the

sea pen Pennatula aculeata (Anthoza: Pennatulacea) from the Gulf of Maine. Marine Biology

132(4):677-690.

Ehrenberg, C. G. 1834a. Beitrage zur physiologishcen Kenntniss der Corallenthiere im allgemeinen, und

besonders des rothen Meeres, nebst einem Versuche zur physiologischen Systematik derselben. Abhan-

dlungen der Koniglichen Akademie der Wissenschaften zu Berlin. Aus dem Jahre 1832. Erster

Theil:225-380. [Introduction of the familial name Pennatulina on p. 287; later corrected to Pennatulidae

by Dana, 1846:586.]

. 1834b. Uber die Natur und Bildung der Corallenbanke des rothen Meeres. Abhandlungcn der

Koniglichen Akademie der Wissenschaften zu Berlin. Aus dem Jahre 1832. Erster Theil:381^32.

. 1834c. Das Leuchten des Meeres. Abhandlungen der Koniglichen Akademie der Wissenschaften zu

Berlin 1834:411-572. [Bioluminescence.]

Eisen, G. 1876. Bidrag till Kannedomen om Pennatulid-slagtet Renilla. Bihang till Kongl. Svenska vetenskaps-

akademienshandlingar (n.f.)13(l):l-15. [Renilla from California.]

Ellis, J. 1753. A letter from Mr. John Ellis to Mr. Peter Collinson F. R. S., concerning a Cluster-Polype found

in the sea near the coast ofGreenland. Philosophical Transactions of the Royal Society 48( 1 ):305-308. [See

also the abridged 1809 account of the Transactions 10:409; this is a description of the original find of

Umhellula; see also Mylius 1753 and 1754.]

. 1755. An account of clustered polype, found in the North Seas, near the Pole, Pp. 96-99 in An essay

towards a natural history of the corallines, and other marine productions of the like kind, commonly found

on the coasts of Great Britain and Ireland ... to which is added the description of a large Polype taken near

the North Pole by the Whalefishers. For the author, London. 103 pp.

1764. An account of the sea pen, or Pennatula phosphorea of Linnaeus; likewise a description of a new

species of sea pen, found on the coast of South-Carolina, with observations on sea-pens in general. In a

letter to the honourable Coote Molesworth, Esq; M. D. and F. R. S. from John Ellis, esq; F. R. S. and

member of the Royal Academy of Upsal. Philosophical Transactions of the Royal Society of London

53:419-435. [Pennatulacean bioluminescence.]

Ellis, J. and D. Solander. 1786. The natural history of many curious and uncommon zoophytes, collected

from various parts of the globe by the late John Ellis . . . systematically arranged and described by the lated

Daniel Solander . . . London, printed for Benjamin White and Son, at Horace's Head, Fleet-Street; and Peter

Elmsly, in the Strand. 206 pp. [Pennatula phosphorea, Pennatula rubra, Pennatula spinosa, Pennatula

mirahilis, Pennatula antennina, Pennatula cynomorium, Pennatula reniformis, Pennatula argentea, Pen-

natula encrinus. See Cornelius and Wells (1988).]

Erasmi, F. 1 668. Ost- und West-lndischer wie auch Sinesischer Lust- und Stats-Garten, mit einem Vorgesprach

von mancherlei lustigen Discursen; In drei Haupt = Theile unterschieden. Der erste Theil Begrifft in sich

die edelsten Blumen, Krauter, Baume ... in Ost-Indien, Sina und America: ... aus den fumemsten, alten
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Fautin, D. G., A. E. Siebert, and E. N. Kozloff. 1987. Class Anthozoa. In Marine Invertebrates of the Pacific

northwest, E. N. Kozloff, ed. University ofWashington Press, Seattle and London. [Taxonomic listing, pp.

68—7 1 on Anthozoa: Kophobelemnon affine, Kophohelemnon hiflorum, Kophohelemnon hispidiim, Anthop-

tilum grandiflorum, Funiciilina parkeri, Helicoptilum rigidum, Scleroptilum sp., Vmhelhtla lindahli.

Umhellida loma, Umbellida encriniis, Umhellida carpenteri, Umhellula magnifJora. Balticina californica,

Balticina septenthonalis, Veirillia hiakei, Stylatula elongata, Stylatida columhiana, Virgiilaris spp.,

Pennatida phosphorea, Ptilosarciis gurneyi.]
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Graphularia amhigua, thought to be spines of a batoid fish by Fowler; see Shapiro and Ramsdell ( 1965).]

Franc, J.-M. 1979. CoUagene intracellulaire chez un invertebre marin (cnidaire). Biologic cellulaire 35(2):6a.

[Abstract in French; Veretillum cynomorium; protein metabolism; collagen fibrils synthesis and intracellular

localization.]

Franc, S. 1970. Les evolutions cellularies au cours de la regeneration du pedoncle de Veretillum cynomorium

Pall. Vie et Milieu 2 l(l-A):49-93.

. 1973. Essai de culture in vitro de cellules de Veretillum cynomorium Pall. (Cnidaire anthozoaire).

Comptes rendus hebdomadaires des seances de 1'Academic des sciences, Paris ( Serie D ) Sciences Naturelles

276(4):559-562.

1 979. Genese de la matrice conjonctive de Veretillum cynomorium Pall, (cnidaires-anthozoaires). Etude

ultrastructuale et autoradiographique. Archives D'Anatomic Microscopique et de Morphologie Experimen-
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Biologic, P. -P. Grasse, ed. Masson, Paris. 3(3): 1-859. [Pennatula pliosphorea, Umbellula antarctica,
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5(2-3):25 1-266. [Actinoptilon molle, Aiuhoptilum grandiflorum. Funiculina quadrangidaris, Amphiacme
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M. Christlob Mylius, and one of them was again described in the Philosophical Transactions for 1754, in

a letter from Mr. John Ellis to Mr. Peter Collinson, 'Concerning a cluster-polyp found in the sea near the
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resemblance to a Crinoid is not a little striking. For more than a century the animal was not seen again, and

it is only a few years since two specimens were dredged in deep water during the cruise of the Swedish
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biologie 80(2): 187-1 99.

Tyler, P. A. and H. Zibrowius. 1992. Submersible observations of the invertebrate fauna on the continental
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5:3 1 5—333. [Pteroeidesputnami, Funiculinaforhesii = Pavonaria quadrangularis, Renilla.danae = Renilla
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aculeata, Ptilosarcus gurneyi, Stylatula columbiana, Verrillia blakei.]
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Weiguo, S. 1 986. Late Precambrian pennatulids (sea pens) from the eastern Yangtze Gorge, China: Paracharnia

gen. nov. Precambrain Research 31(4):361—375. [Precambrian fossils that resemble sea pens: Charnia
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1 :Werbellose Tiere, 2 Teil (Ed. 4), H.-E. Gruner, ed. Fischer, Jena. 621 pp. [Umhellula.]

Wiedemann, C. R. W. 1800. Cuvier's Elementarischer Entwurf der Naturgeschichte der Thiere aus dem
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Wilbur, K. M. 1976. Recent studies of invertebrate mineralization. Belle W. Baruch Library in marine sciences.

5:79-108. [Renilla reniformis; skeleton; mineralization of sclerites, histochemical and ultrastructural

study.]

WiLKiNS, P. AND J. Birkholz. 1986. Invertebrates—organ pipe, leather, and homy corals. Engelbert Pfriem

Publishing, Germany. 134 pp. [Color photograph of a specimen identified as Cavernularia ohesa.]

WiLLEMOES-SUHM. R. VoN. 1875a. Notes on some young stages of Umbellularia, and on its geographical
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. 1875b. Distribution of the alcyonoid polyps of the Umhellularia group. American Journal of Sciences

and Arts (3)10:397-398. [Umhellula.]

Williams, G. C. 1986. What are corals? Sagittarius (Natural History Magazine of the South African Museum)

1 (2): 11-15. [Reprinted in Underwater, Ihlane Publications, Natal, South Africa 6:26-27; illustrated general

account of corals including sea pens: Cavernularia sp., Actinoptilum molle: includes watercolor illustration

of color variation in A. molle.]

. 1987. Systcmatics and zoogeography of southern African octocoral cnidarians. Ph. D. dissertation.

University of Cape Town, Cape Town, South Africa. 469 pp. [Pennatulacea of southern Africa, including
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1 989a. A provisional annotated list of octocorallian coelenterates occurring on the sublittoral coral reefs

at Sodwana Bay and Kosi Bay, northern Natal, with a key to the genera. South African Journal of Science

85(3):141-144. [Brief description: Cavermdaria dayi.]

. 1989b. The pennatulacean genus Cavermdaria Valenciennes (Octocorallia: Veretillidae). Zoological

Journal of the Linnean Society 95(4):285-310 [Synopsis of the genus, key to the species, original

descriptions o^ Cavermdaria capitata and Cavernularia dedeckeri.]

. 1990. The Pennatulacea of southern Africa (Coelenterata, Anthozoa). Annals of the South African

Museum 99(4):3 1-1 19 [Regional fauna, synonymy, descriptions, key to the families and species, includes

illustrated descriptions of Cavermdaria dayi. Cavernularia elegans, Echirioptilum macinto.shii, Echinopti-

liini echinatum, Actinoptilum molle, Kophobelemnon stelliferum, Anthoptilwn grandijlorum, Distichopti-

him gracile, Halipteris africana. Chunella gracillima. Amphiacme abyssorum, Umbelhda thomsoni,

Umbellula lindahli, Virgularia schultzei, Virgularia mirabilis, Virgularia giistaviana, Scytaliopsis djibou-

tiensis. Pennatula inflata, and Pteroeides isosceles; included are color photographs of living animals:

Actinoptilum molle, Virgularia schultzei. Echinoptilum echinatum, and Echinoptilum macintoshi: first

record of bioluminescence in Actinoptilum molle, p. 63.]

. 1992. Biogeography of the octocorallian coelenterate fauna of southern Africa. Biological Journal of

the Linnean Society 46(4):35 1—401 . [Biogeographic affinities and bathymetry of southern African octoco-

rals including pennatulaceans.]

. 1993a. Coral reef octocorals—an illustrated guide to the soft corals, sea fans and sea pens inhabiting

the coral reefs of northern Natal. Durban Natural Science Museum. 64 pp. [Illustrated taxonomic descrip-

tion: Cavermdaria dayi.]

. 1 993b. Biotic diversity, biogeography, and phytogeny ofpennatulacean octocorals associated with coral

reefs in the Indo-Pacific. Proceedings of the Seventh International Coral Reef Symposium 2:729—735.

[Biogeographic affinities of all pennatulacean genera and Indo-Pacific taxa in particular; phylogeny and

cladistics. The following passage from p. 734 on pennatulacean evolution is quoted here: "The Veretillidae

and the Echinoptilidae are the least derived ofthe extant sea pens. They are . . . concentrated in the relatively

shallow waters of the Indo-Pacific, while a variety of more derived forms are present worldwide and show
vast bathymetric ranges .... It is therefore postulated that the sea pens as a group initially differentiated in

the shallow waters of tropical oceans and have subsequently diversified and dispersed to all depths of the

temperate and polar regions, as well as the tropics.".]

. 1993c. [See Branch and Williams (1993).]

. 1995a. Living genera of sea pens (Coelenterata: Octocorallia: Pennatulacea): illustrated key and

synopses. Zoological Journal of the Linnean Society 113:93 140. [Generic monograph, synonymy,

diagnoses, distributions, key to the families and genera, discussion of classification and phylogeny;

illustrated generic diagnoses include Lituaria, Cavermdina, Cavermdaria, Veretillwn, Actinoptilum, Echi-

noptilum. Renilla, Kophobelemnon. Sclerobelemnon, Malacabelemnon, Funiculina. Distichoptilum, Pro-

toptilum. StachyptUum, Scleroptilum, Calibelemnon. Amphiacme. Chunella, Umbellula, Anthoptilum,

Halipteris, Stylatula, Acanthoptilum, Scytalium, Virgularia, Scytaliopsis, Pennatula, Ptilosarcus, Gyro-

phyllum, Sarcoptilus, Crassophyllum, and Pteroeides.]

. 1995b. Preliminary assessment of the origin and phylogenetics of pennatulacean octocorals. Sixth

Internationa! Conference on Coelenterate Biology: Programme and Abstracts. P. 1 02. [Phylogenedc aspects

of the Pennatulacea and reevaluation of the Vendian frondlike fossils]

. 1995c. Revision of the pennatulacean genus Sarcoptilus (Coelenterata: Octocorallia) from southern
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This is the first taxonomic treatment of the grenadiers (Macrouridae and Bathygadidae)

from Australia's western and northwestern continental slope. Collections made during two

trawl cruises by CSIRO vessels in 1984 and 1991 contributed most of the material for this

study. A remarkably diverse grenadier fauna was discovered with 63 species in 20 genera,

of which 18 species (about 29%) are here described as new. All species are treated, with

complete descriptions and illustrations for 37 species and more limited accounts for the 26

remaining species. Keys to genera and species are provided. Caelorinchus had by far the

most species represented (20), followed by Nezumia (7), Ventrifossa (6), Hymenocephalus

(5), Coryphaenoides (4), and Trachonurus (3). New species described include: Caelorinchus

amydrozosterus, C. charius, C. gaesorhynchus, C. goobala, C. lastly C. mayiae, C. pardus, C.

thuria; Gadomus pepperi, Nezumia kapala, N. ieucoura, N. merretti, N. soela, N. wularnia;

Trachonurus yiwardaus, Ventrifossa gomoni, V. paxtoni, V. sazonovi.

Table of Contents
Introduction 107

Methods and Materials 1 09

Abbreviations 110

Taxonomic Descriptions 112

Key to Genera of Western Australian Grenadiers 113

Family Bathygadidae 115

Bathygadus Gunther, 1878 115

Bathygadus spongiceps Gilbert & Hubbs, 1 920 115

Gadomus Regan, 1 903 117

Key to Species of Gadomus from Western Australia 117

Gadomus sp. cf. colletti 117

Gadomus pepperi new species 119

Family Macrouridae 1 22

Subfamily Macrourinae 122

Caelorinchus Gioma, 1810 1 22

Key to Species of Caelorinchus from Western Australia 122

Caelorinchus acanthiger Barnard, 1925 123

105



1 06 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES
Volume 51, No. 3

Caelorinchus acutirosths Smith & Radcliffe, 1912 125

Caelorinchus amydrozosterus new species 127

Caelorinchus argentatus Smith & Radcliffe, 1912 129

Caelorinchus charius new species 132

Caelorinchus gaesorhynchus new species 1 36

Caelorinchus goobala new species 138

Caelorinchus innotabilis McCulloch, 1907 140

Caelorinchus lasti new species 141

Caelorinchus macrorhynchus Smith & Radcliffe, 1912 145

Caelorinchus maculatus Gilbert & Hubbs, 1920 147

Caelorinchus matamua (McCann & McKnight, 1980) 148

Caelorinchus maurofasciatus McMillan & Paulin, 1993 150

Caelorinchus mayiae new species 1 52

Caelorinchus mirus McCulloch, 1926 1 55

Caelorinchus mycterismus McMillan & Paulin, 1993 157

Caelorinchus pardus new species 1 59

Caelorinchus smithi Gilbert & Hubbs, 1920 161

Caelorinchus thurla new species 1 64

Caelorinchus trachycarus Iwamoto, McMillan & Shcherbachev 166

Cetonurichthys Sazonov & Shcherbachev, 1982 167

Cetonurichthys suhinflatus Sazonov & Shcherbachev, 1 982 167

Cetonurus Gunther, 1887 169

Cetonurus globiceps (Vaillant, 1984) 169

Cojyphaenoides Gunner, 1 765 1 70

Key to Species of Cojyphaenoides from Western Australia 1 70

Coryphaenoides rudis Gunther, 1 878 1 70

Cotyphaenoides serrulatus Gunther, 1 878 171

Cofyphaenoides striaturus Barnard, 1 925 1 73

Cotyphaenoides sp 1 74

Hymenocephalus Giglioli, 1 884 1 75

Key to Species of Hymenocephalus from Western Australia 175

Hymenocephalus adelscotti Iwamoto & Merrett, 1997 176

Hymenocephalus longibarbis (Gunther, 1887) 177

Hymenocephalus nascens Gilbert & Hubbs, 1920 1 77

Hymenocephalus striatissimus aeger Gilbert & Hubbs, 1920 178

Hymenocephalus sp 1 80

Kuronezumia Iwamoto, 1 974 1 80

Key to Species o{ Kuronezumia from Western Australia 181

Kuronezumia leonis Barnard, 1925 181

Kuronezumia pallida Sazonov & Iwamoto, 1992 181

Lepidorhynchus Richardson, 1 846 182

Lepidorhynchus denticulatus Richardson, 1846 182

Lucigadus Gilbert & Hubbs, 1920 1 84

Lucigadus ori (Smith, 1968) 184

Malacocephalus Gunther, 1 862 1 86

Malacocephalus laevis (Lowe, 1 843) 1 86

Mataeocephalus Berg, 1 898 187

Key to Species oi Mataeocephalus from Western Australia 187

Mataeocephalus acipenserinus (Gilbert & Cramer, 1897) 187



IWAMOTO AND WILLIAMS: GRENADIERS OF WESTERN AUSTRALIA 107

Mataeocephalus sp 1 89

Mesobius Hubbs & Iwamoto, 1 977 1 89

Key to Species of Mesobius 1 89

Mesobius antipodwn Hubbs & Iwamoto, 1 977 1 89

Mesobius benyi Hubbs & Iwamoto, 1 977 191

Nezumia Jordan, 1904 192

Key to Australian Species oi Nezumia 1 92

Nezumia kapala new species 193

Nezumia leucoura new species 1 95

Nezumia merretti new species 197

Nezumia propinqua (Gilbert & Cramer, 1 897) 199

Nezumia soela new species 201

Nezumia spinosa (Gilbert & Hubbs, 1916) 202

Nezumia wularnia new species 205

Pseudonezumia Okamura, 1970 208

Pseudonezumia pusillus Sazonov & Shcherbachev, 1982 208

Sphagemacrurus Fowler, 1 925 210

Sphagemacrurus pumiliceps (Alcock, 1894) 210

Trachonwus Giinther, 1 887 212

Key to Australian Species of Trachonurus 212

Trachonurus gagates Iwamoto & McMillan, 1997 212

Trachonunis sentipellis Gilbert &. Cramer, 1 897 213

Trachonurus yiwardaus new species 217

Venthfossa Gilbert & Hubbs, 1920 219

Key to Australian species of Venthfossa 219

Ventrifossa gomoni new species 220

Venthfossajohnboborum Iwamoto, 1982 221

Venthfossa macropogon Marshall, 1973 223

Venthfossa nigrodorsalis Gilbert & Hubbs, 1920 224

Ventrifossa paxtoni new species 228

Ventrifossa sazonovi new species 231

Subfamily Macrouroidinae 234

Squalogadus Gilbert & Hubbs, 1916 234

Squalogadus modificatus Gilbert & Hubbs, 1916 234

Subfamily Trachyrincinae 234

Idiolophorhynchus Sazonov, 1981 235

Idiolophorhynchus andhashevi Sazonov, 1981 235

Appendix 237

Acknowledgments 239

Literature Cited 239

In recent years the number of species of grenadiers (rattails or whiptails, families Macrouridae

and Bathygadidae) recorded from Australian waters has increased markedly as a result of exploratory

trawling for commercial fishery resources on the continental slope. Grenadiers are now recognized

as forming a large component of the Australian fish fauna: the 57 species recorded in Paxton et al.

(1989) ranked them the 1 1th most speciose family. Despite this, they were poorly known, with 25 of

the 57 species either unidentified to species level or undescribed. In reality, closer to 100 grenadier

species in the family Macrouridae (sensu lato, including Bathygadidae) are represented in collections

from Australian waters (TI, unpublished data), ranking the group among the 10 most species-rich
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families. A high number of these species remain either undescribed or unrecorded from Australia in

the published literature.

Collections of grenadiers from the extensive Australian western and northwestern slope region

came primarily from two exploratory fishing surveys undertaken by the Commonwealth Scientific

and Industrial Research Organisation (CSIRO) Marine Research. Records from the first of these

surveys, on the northwestern slope (Davis and Ward 1984), were included in the list compiled by

Paxton et al. (1989). The collection from the western slope, a region virtually unsampled until 1991

,

elevated the number of undescribed species and added considerably to the species recorded from

Australian waters. Some material had been collected from this area during expeditions of the former

Soviet Union in the 1970s, but only a few grenadier species are treated in the published literature to

date (Sazonov and Shcherbachev 1982, 1985; Iwamoto and Shcherbachev 1991).

The purpose of this paper is to provide the first regional taxonomic treatment of grenadiers from

Australia's northwestern and western slope regions. It is also the first large-scale account of this rich

and abundant group of fishes from Australian waters. Included are descriptions for 37 species and

diagnoses only for the remaining 26 species. Keys are provided for genera with more than one species,

viz., Caelorinchus, Coryphaenoides, Gadomus, Hymenocephalus, Kuronezumia, Mataeocephalus,

Mesobius, Nezumia, Trachonurus, and Ventrifossa.

Methods and Materials

Most of the material examined during this study was collected during CSIRO trawl surveys of

30 days duration off northwest Australia (1984) and western Australia (1991). However, many
additional specimens were provided by scientific observers aboard commercial fishing vessels from

both areas. Also, many reference specimens from eastern Australia were collected by the NSW FRV
Kapala.

The northwestern survey, using the FRV Soela, covered an area of the upper slope between

19°30'S, 1 15°30'E and I2°30'S, 123°03'E in depths from 300 to 500 m (Davis and Ward 1984). The

western survey, using the FRV Southern Swveyor, covered an area between 20°00'S, 1 14°00'E and

35°00'S, 1 1
5°

1 5'E in depths from 200 to 1 ,400 m (Williams et al. 1 996). In addition, one deeper trawl

(station SS 1/9 1/1 2) was undertaken during the western survey; it started in 1,460 m but lost ground

contact somewhere between 1,500 m and 1,700 m over steeply sloping topography. (Plate 1

)

Figure 1 shows the location of stations off Western Australia from which grenadiers were

collected. Appendix 1 provides station data iov FRVSouthern Surveyor, NSW Fisheries FRV Kapala,

and FRV Soela. (Note that coordinates and dates are not given in the Specimens Examined sections

where vessel stations are known.)

The northwestern survey, which was primarily targeted at crustacean resources, used an Engels

deep-sea lobster trawl with a 61 m ground rope. Mesh sizes ranged from 12 cm in the wings to 4 cm
in the codend. Ground gear was a combination ofrubber discs weighted with chain and a tickler chain.

During the western survey, an Engels High-Lift fish trawl was used throughout. The trawl had a

headline length of 35.5 m, headline height of about 4 m, wingspread of 19 m, and was fitted with a 4

cm liner in the codend. The trawl was fitted with heavy rubber-bobbin ground gear and towed from

twin warps. Full details of net construction were given by May and Blaber (1989). A variety of gear

types was used by commercial vessels in both areas.

Fish specimens retained for museum collections were placed in 10% formaldehyde solution

aboard the research vessels. On commercial vessels specimens were frozen and preserved in the

laboratory at a later stage. Most of the material examined in this study are deposited in the I.S.R.

Munro Ichthyological Collection at CSIRO Marine Research Laboratories in Hobart (CSIRO), the

Australian Museum in Sydney (AMS), the Museum of Victoria in Melbourne (NMV), the Northern

Territory Museum in Darwin (NTM), and the Western Australian Museum in Perth (WAM). Other
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Plate la. The CSIRO fishery research vessel Southern Siirveyur.

Plate 1 b. Hauling in trawl aboard Southern Sur-

veiw off Western Australia.

Plate Ic. Fishery scientists from CSIRO Marine

Laboratories aboard Southern Surveyor examining

deep-water grenadiers from off Western Australia.
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specimens were examined at the California Academy of Sciences, San Francisco (CAS); Queensland

Museum, Brisbane (QM); The Natural History Museum, London (BMNH); Zoological Museum,

Moscow State University, Moscow (ZMMGU); Museum National d'Histoire Naturelle, Paris

(MNHN); the New Zealand Oceanographic Institute, Wellington (NZOI), now housed in the Museum
ofNew Zealand (NMNZ); and the National Museum of Natural History, Washington, DC (USNM).

We use the term grenadier to include bathygadids and macrourids, recognizing that they might

not be sister taxa and may actually belong in separate suborders (see Howes 1989; Howes and

Crimmen 1990).

Methods for taking counts and measurements follow Iwamoto and Sazonov ( 1 988) and are given

in a condensed version in the Abbreviations section below. In the genus Caelorinchus, the fusion of

the lateral and medial nasal processes along the anterolateral margin of the snout is an important

character, described as "anterolateral margin fully supported by bone" or ".
. . incompletely sup-

ported." Whether or not the margin is fully or incompletely supported is easily determined by lightly

pressing along the margin with one's fingernail. If there is a soft spot or some give to the pressure,

the margin is incompletely supported and there is a gap along the outer margin of the nasal bone; if

it feels solid, the margin is complete. Alternatively, the skin below the margin can be cut away to

view the bone. References to genera and type-species of genera are not provided, as Eschmeyer's

(1990) Catalog of (he Genera of Recent Fishes gives complete citations as well as type species

designation. (An updated Internet version of the Catalog ofthe Genera ofRecent Fishes is available

at the WWW address http://www.calacademy.org.)

ABBREVIATIONS

Institutional abbreviations follow Leviton et al. (1985) and Leviton and Gibbs (1988). For

political entities, the following abbreviations are used: CSIRO - Commonwealth Scientific and

Industrial Research Organisation; GAB - Great Australian Bight; NSW - New South Wales; NT -

Northern Territory; QLD - Queensland; SA — South Australia; TAS - Tasmania; VIC - Victoria;

WA — Western Australia. Vessel abbreviations include: SS - FRV Southern Surveyor; SO — FRV
Soela;K-FRVKapala.

Counts

ID. and 2D. - counts of the first and second dorsal fins; the Roman numerals "11" refer to the

two spinous rays of the first dorsal fin.

P. - count of pectoral fin rays; the lowercase "i" refers to the rudimentary uppermost ray.

V. — pelvic fin ray count.

A. - anal fin ray count.

GR-I, GR-II - gill raker counts of the first (outermost) and second arches. Counts of outer and

inner gill raker series are given and separated by a slash mark. Raker counts of the upper arm are

separated from those of the lower arm by a plus sign.

Scales ID., 2D., midbase ID., lat.line - scale row counts, respectively, below the origin of the

first dorsal fin, second dorsal fin, midbase of first dorsal fin, and lateral line scales counted from the

anterior end over a distance equal to the predorsal length. Half-scale counts (0.5) are given when the

uppermost scale is considerably smaller than others of the series.

Caeca - pyloric caeca count.

Measurements

TL - total length; a plus sign following the length indicates that a portion of the tail tip was

missing.

HL - head length, tdken from snout tip to upper posterior angle of opercle.

Head width - the greatest transverse measurement, usually across the opercles and including the

bony scutes of the suborbital ridge.
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Figure 1 . Station localities off Western Australia at which grenadiers were collected by the fishery research vessels Soela

and Southern Sw\'eyo)\ and by other vessels.
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Snout- length from tip of snout to anterior margin of orbit.

Preoral - median ventral length of snout from tip to upper margin of lips.

Intemasal — least distance between supranarial ridges.

Interorb. - least distance between bony orbits.

Suborb. — least width of suborbital space.

Postorb. - distance from posterior margin of orbit to upper posterior angle of opercle.

Orb. -preop. -oblique measurement from posteroventral margin oforbit to posteroventral margin

of preopercle.

Up.jaw — length from anterior tip of premaxillary to posterior end of maxillary.

Pmx. -premaxillary; height measured from dorsal tip ofanterior ascending process to anteroven-

tral margin ofbone, not including teeth; length the greatest measure from anterior tip to posterior end;

gap measured between dentition bands of each premaxilla.

Barbel — length of free portion of barbel, from posterior insertion to distal tip.

Gill slit — greatest diameter of outermost gill slit.

Pre-A. - distance from tip of snout to origin of anal fm.

Pre-vent — distance from tip of snout to anal opening.

V.-A. — distance between base of outer pelvic ray to anal fm origin.

Isth.-A. - distance between anterior end of isthmus to anal fm origin.

Body depth; depth at A. - greatest body depth, usually below origin of first dorsal fin; depth at

origin of anal fin.

1 D.-2D. - distance between posterior edge of 1 st dorsal fin and anterior origin of 2nd dorsal fin.

Ht. ID., len. ID. base, len. P., len. V. - height of first dorsal fin, length of base of first dorsal,

lengths of pectoral and pelvic fins, respectively.

Post, nostril - greatest diameter of posterior nostril.

Len. rictus - length of lateral opening of mouth measured from anterior tip of premaxillary to

posterior angle of mouth.

Other abbreviations: cf , to be compared with; coll., collector; compass directions are given as

n., ne., nw., etc., for north, northeast, northwest, etc.; collection dates are given as "10.11.1990"

indicating 10 February 1990 (day, month, year); est., estimate; fm, fathom(s); ht., height; 1. (Island),

Is. (Islands); len., length; no., number; NW, North West [as part of a proper noun]; pmx., premaxilla;

Pt., Point; spec, specimen(s); sta., station; uncat., uncataloged.

Taxonomic Descriptions

The remarkably diverse grenadier fauna of the western Australian region, the relative paucity of

solid taxonomic works on the species ofthat region, and the inadequate reference collections for many

species has made the current species treatments difficult, and in several instances, impossible to fully

resolve. Our treatments ofthe genera Hymenocephalus , Trachonurus, and Ventrifossa are ofparticular

concern in this respect, and they must be viewed as only tentative. We leave their full taxonomic

resolution to others who have more material and who are able to devote time and effort to more

extensive studies than we could. Many of the problems suit themselves to regional ichthyologists who

have access to fresh local material as well as comparative material from outside the area. In some

examples where an apparent species shows a broadly disjunct distribution (e.g., Caelorinchus

mycterismus, Trachonurus sentipellis, Ventrifossa macropogon), access to material from intervening

areas will be necessary to show whether or not the populations represent the same species. In several

species descriptions, we list specimens in an uncertain-variant category. Such specimens did not

properly fit our species concepts for one reason or another, but we could not justify recognizing them

as distinct taxa. Again, such problematic species and specimens will require a more thorough study

than we were able to give them.
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We do not provide diagnoses for families and genera as this paper is not intended to be a

taxonomic review of the grenadiers. For these we refer the reader to recent publications by Howes

and Crimmen (1990), Iwamoto (1990), Iwamotoand Sazonov (1994), Sazonov and Iwamoto (1992),

Sazonov and Shcherbachev (1982, 1985), and Shcherbachev et al. (1992). Of the 63 species here

treated, full descriptions are given for 1 8 new taxa. Ofthe 45 remaining species, 1 6, that in our opinion

seemed to require detailed description, are also fully described; the other 29 species, because of being

so well known or already well described, are diagnosed only. Three undescribed species are diagnosed

but not named, two ofthese [Coiyphaenoides sp. A and Mataeocephalus "shortsnout") because others

are currently preparing descriptions for them, and a third species {Hymenocephalus sp. 1 ) because we

lacked adequate material. Synonymies are limited to the original description, a few principal

references, and to references germane to the area.

It is apparent from our studies that the number of grenadiers known from the western Australian

region will increase over time as the fauna becomes better studied, and as more effort is made to

collect over greater geographic areas and depths, and over a variety of terrain. As an example, that

our study material was limited to depths shallower than 1,700 m precluded the possibility of the

deeper-living Con'phaenoides species being represented. A broad expanse of shelf and slope north

and east of Port Hedland to the Arafura Sea was not sampled by CSIRO vessels. Valuable trawl

collections from the Timor and Arafura seas housed at the Northern Territory Museum include species

not collected by CSIRO vessels, suggesting that the area is ripe for more collecting.

We are a long way from knowing the full extent of the grenadier fauna of Western Australia, and

this paper is only a preliminary report with many species left out and many questions left unanswered.

The western Australian region holds the potential for many more stimulating and valuable research

projects.

Key TO Genera of Western Australian Grenadiers

[Mostly based on Iwamoto (1990) and Iwamoto and Merrett (1997). Species and genera listed

in brackets have not been recorded from the area but may be expected. Note that the genera

Mataeocephalus and Ventrifossa are keyed out twice.]

la. One continuous dorsal fin, anterior portion not elevated; orbit small, 10 or more times in head length 2

lb. Two dorsal fms, the first elevated; orbit less than 10 times in head length 3

2a. Pelvic fms small, rays 5-6 Sqiialogadiis modificaliis

2b. Pelvic fins absent [Macrouroides inflaticeps]

3a. Origin of second dorsal fin immediately behind first and equally or better developed than anal tin; outer gill arch free

from gill cover; gill-rakers on first arch slender, not tubercular 4

3b. A distinct gap between dorsal fins; anal fin usually much better developed than second dorsal fin; outer gill arch

restricted by folds of skin connecting upper and lower limbs to gill cover; gill rakers tubercular 7

4a. Snout long and sharply pointed; mouth inferior; heavy scutelike scales on body 5

4b. Snout bluntly rounded, not protruding; mouth essentially terminal; all scales thin, deciduous, lacking spinules ... 6

5a. Large platelike scutes in three or four longitudinal rows on body; body color black . . . Idiolophoihynchiis andriashevi

5b. Two rows of scutes on body, one along second dorsal fin, the other along anal fin; body color brownish

[Traclnrinciis]

6a. Chin barbel well developed; first dorsal, pectoral, and pelvic fins with a greatly elongated ray; pelvic fin rays 8 or 9

(usually 8) Gadomus

6b. No chin barbel; outer pelvic ray sometimes elongated, but other fins lacking a greatly elongated ray; pelvic fin rays

8-10 (usually 9) Bathygadiis spongiceps

7a. Second spinous ray of first dorsal fin smooth 8

7b. Second spinous ray of first dorsal fin serrated (weakly or much reduced in some) 14

8a. Snout strongly pointed, armed with coarse spiny scales that form a stout continuous ridge extending from snout tip to

preopercle angle and terminating in a sharp point Caelorinclnis

8b. Snout rounded to moderately pointed, no sharp ridge of modified scales extending from snout tip to preopercle

angle 9
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9a. Broad areas of fine (microscopic), parallel black lines (ventral striae) overlying silvery ground on ventral surfaces

of chest, shoulder girdle, along each side of isthmus, and belly 10

9b. No ventral striae II

lOa. Ventral striae extends alongside anterior half or more of anal fm base: six branchiostegal rays; no lenslike light

organ on chest; attains 53 cm TL Lepidorhynchiis denticiilatus

I Ob. Ventral striae rarely extends posterior to anus; seven branchiostegal rays; a small lens or light organ on chest;

small species, usually attains less than 23 cm TL Hymenocephahis

I la. Lower jaw with large, widely spaced teeth in I row 12

1 lb. Lower jaw with rather small teeth in more than 1 row 13

12a. Canine teeth in I row in both jaws; grooved lateral line not developed beyond second dorsal fm; 10-1 1 pectoral fin

rays; 6 branchiostegal rays; color mostly blackish [Odonionuicnirus murrayi]

12b. Teeth in 2 rows in upper jaw; lateral line complete to end of tail; 16 or more pectoral rays; 7 branchiostegal rays;

color usually grayish, somewhat silvery below ventral midline Malacocephahis laevis

1 3a. Pelvic rays 6-7; scales coarsely spinulated; broad, naked, black periproct region immediately before anal fin

• Trachonurus

1 3b. Pelvic rays 9—10; scales finely spinulated; periproct region separated from anal fin by many scale rows . . Ventrifossa

i4a. Head massive, globose, soft; interopercle tightly adnate to preopercle; body scales along each side of second dorsal

fin base enlarged 15

14b. Head not especially massive or globose; interopercle not strongly adnate to preopercle; no enlarged scales along

second dorsal fm base 16

15a. Pelvic fin bases posterior to vertical through origins of first dorsal and pectoral fins; interorbital width 3 1-34% of

HL Cetoniirichthys siibinflatiis

1 5b. Pelvic fin bases about at or anterior to vertical through origin of first dorsal and pectoral fins; interorbital width

36-48% of HL Cetointrus globiceps

1 6a. Scales of head elongated, with spinules longitudinally aligned to give striated pattern to head surfaces; chin barbel

absent Mesobiiis

1 6b. Head scales not elongated, no striated pattern to head surfaces 17

1 7a. Snout low, narrow, rounded, devoid of scales; no ridges on head; scales on head and front of body without spinules

or ridges; maxilla reaches vertical to front margin of orbit [Haplomacnntriis nudirostris]

17b. Snout angular, completely naked to variously covered with scales; ridges usually present on head, sometimes

coarsely scaled; almost all scales covered with spinules or low ridges; maxilla usually extends well posterior to

front of orbit (except in 5p//agewac7-wn/.y and Lwc/gaJiw) 18

18a. Branchiostegal rays 7 19

1 8b. Branchiostegal rays 28

19a. Pelvic fin rays 5-7 Pseudonezumia piisilla

19b. Pelvic fin rays 8-14 20

20a. Snout completely or almost completely naked; no tubercular scales at tip or lateral angles 21

20b. Snout fully scaled or variously naked ventrally; tubercular scales present at tip and lateral angles 23

21a. Anus abuts anal fin, far removed from pelvic fm 22

21b. Anus removed from anal fin, usually closer to pelvic fins [Kumba]

22a. Olfactory organ huge, length of posterior nostril about one-half diameter of orbit [Macrosmia phalacra]

22b. Olfactory organ normal, posterior nostril much less than half diameter of orbit [Aslheiwmacrurus victoris]

23a. Anus closer to anal origin than to pelvic insertions 24

23b. Anus closer to pelvic insertions than to anal origin 25

24b. Outer gill slit about 10% or less of head length; outer rakers of first arch rudimentary or absent; snout prominently

pointed; dorsal fin base not elevated Mataeocephaliis acipenseriinis

24b. Outer gill slit about 20% or more of head length; outer rakers of first arch tubercular and distinctly developed;

snout blunt, upturned; dorsal fin base elevated Sphageinacrunts piimiliceps

25a. A stout suborbital shelf formed of 2 rows of coarsely spined scales; ventral edge of shelf forming a sharp ridge;

snout variously naked or scaled ventrally Nezumia

25b. Suborbital shelf covered with several rows of small, relatively unmodified scales, no sharp ridge developed;

underside of snout mostly scaled 26

26a. Ventral region of body appearing to have swung far forward so that gill membranes unite below orbit, pelvic fins

below opercle Lucigadus on'

26b. Ventral region of body more normal for a grenadier, with gill membranes uniting under interopercle, pelvic fins

below opercle or more posteriorly 27

27a. Inner gill-rakers of first arch 13—17 Ventrifossa

27b. Inner gill-rakers of first arch 1 2 or fewer Kuronezumia

28a. Anus far removed from anal fin, closer to pelvic fins Mataeocephaliis sp.

28b. Anus immediately anterior to anal fin Coiyphaenoides
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Family Bathygadidae

Bathygadus Gunther, 1 878

Although Howes and Crimmen (1990) recently reviewed the genus, it is obvious that a more

in-depth study using much more material is needed to resolve the many taxonomic problems within

this group. Iwamoto and Anderson (1994) and Iwamoto and Merrett (1997) discuss some of the

problems with Howes and Crimmen's work.

Bathygadus spongiceps Gilbert and Hubbs, 1920

Fig. 2

Bathygadus spongiceps Gilbert and Hubbs, 1920:381-384, fig. 1 (Borneo; 1628 m). Howes and Crimmen

1990:189-190, table 4.

Bathygadus cottoides: Iwamoto and Merrett, 1997:7-8 (in part; New Caledonia).

Diagnosis (for WA spec. only).— Barbel absent; first dorsal fin rays 11,8-10; pectoral fin rays

il4-il7; pelvic fin rays 9 (occasionally 8 or 10); GR-I (outer) (4-6)+( 1 9-2 1 ) = 23-27 total; caeca

19-27, length about equal to orbit diameter; orbit diameter 18-22% of HL, about 1 .6-2.2 times into

interorbital, 2.4—2.8 into distance orbit to preopercle; interorbital width 32^0% of HL.

Specimens Examined.— WA: (Dark form): CSIRO H3017-08 (male, 67.2 HL, 325+ TL),

CSIRO H.3017-13 (male, 67.7 HL, 310+ TL), CSIRO H3017-14 (male, 78.2 HL, 385 TL); nw. of

Cape Leeuwin; 34°10'S, 1I4°16'E; 1,030 m; Akebono Mam No. 3, shot 17; coll. A. Williams;

24.XII.89. CSIRO H2544-16 (2 females, 51.1-64.0 HL, 240+-315+ TL); Exmouth Plateau; 1,128

m; SS 1/9 1/04. (Pale form): CSIRO H26 15-05 (2 males, 79.0-85.5 HL, 425+-400 TL); w. of

Mandurah; 1,140 m; SSl/91/83. CSIRO H3017-12 (male, 84.2 HL, 435+ TL), CSIRO H3017-1

1

(female, 90 HL, 440+ TL), CSIRO H3017-07 (male, 79.4 HL, 440+ TL); nw. of Cape Leeuwin;

34°10'S, 114°I6'E; \,030 m\ Akebono Maru No. i, shot 17; coll. A. Williams; 24. XII. 89.

-^^^ ^xx^^XnN-^^N
vV V

Figure 2. Bathygadus spongiceps Gilbert and Hubbs, 1 920 (dark form). CSIRO H30 1 7- 1 3 (3 1 0+ mm TL) from continental

slope northwest of Cape Leeuwin, Western Australia, in 1,030 m. Fin rays partially reconstructed. Scale bar equals 25 mm.
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Counts and Measurements (for WA spec. only).— ID. 11,8-10; GR-1 (inner series)

3+(1^17), GR-II (2-3)+(15-16). Total length 240+-490+ mm; HL 51.5-107 mm. The following in

percent of HL: snout 29-32; postorb. 50-57; orb.-preop. 46-52; suborb. (fleshy) 14—18; up.jaw

52-56; ht. pmx. 15—17 (30-36% of len. pmx.); pmx. gap 9—19% of len. pmx.; len. outer gill rakers

1 1-14; len. gill filaments 6-10.

Description.— General features offish best seen in Figure 2. Head bones and integument

relatively weak and readily damaged. Body scales highly deciduous, all lost in specimens examined;

scale pockets damaged in most specimens examined, often only faintly present. Head width about

one-half or more of head length; interorbital space broad, more than 1 .6 times diameter of orbit, about

one-third or more of head length. Fin rays weak, most with tips broken off; outer pelvic ray in one

specimen thin, slightly prolonged, but not reaching to anus; spinous second ray of first dorsal thin,

flexible, slightly prolonged.

Color of dark form (see Comparisons) overall swarthy, region around belly, chest, head and gill

membranes black, fins dark dusky to blackish; oral, branchial, and abdominal cavities black; gill

rakers and arches dark, gill filaments pale. Pale form with body mostly pale, black regions of dark

form mostly grayish in pale form; fins dusky; chest and gular regions somewhat paler than in dark

form.

Size.— To at least 46 cm TL, possibly to 50 cm.

Distribution.— Known from off the Kermadecs, New Caledonia region. New Zealand,

Australia, the Philippines, and Indonesia, usually in depths of approximately 900-1,500 m
(842-1,140 m offWA between latitudes 20°S and 35°S).

Comparisons and Remarks.— Bathygadus spongiceps appears to be a relatively widespread

species in the western Pacific and Australia. Iwamoto and Merrett (1997) erroneously thought their

specimens from New Caleodonia were B. cottoides Gunther, 1878, partly owing to the proximity of

their collection sites to the Kermadecs, the type locality for B. cottoides. However, most of their study

material (excluding CAS 90556 and CAS 90835) were B. spongiceps. They listed a number of

characters that differed significantly between their specimens and what has been called B. cottoides

from southern Africa (see Iwamoto and Anderson 1994). Subsequent examination (by TI) of

numerous specimens of B. cottoides from the Kermadecs and New Zealand (currently housed in

NMNZ) has revealed that B. cottoides is a small species, less than about 26 cm TL, with low pyloric

caeca counts (9-12), and few pectoral finrays (i 10-1 15, usually il2—il4). This contrasts with B.

spongiceps, a large species attaining lengths of more than 46 cm, with 15-27 pyloric caeca, and

i 1 4—i 1 7 pectoral finrays. Gill raker lengths also differed, B. spongiceps having raker lengths of9-1 3%
HL, compared with 14-19% in B. cottoides. We are uncertain of Howes and Crimmen's (1990, table

4) counts of 6 and 12 pyloric caeca for paratypes of 5. spongiceps. Gilbert and Hubbs (1920:383) in

their original description gave counts of 2 1 , 16, and 1 7 for three paratypes, and Iwamoto and Merrett

(1997:8) recorded 15 each in two recently collected specimens from off eastern Luzon, Philippines.

Our specimens agreed well with specimens from the New Caledonia region (see Iwamoto and

Merrett 1997). We found in our WA collections two "forms" that we differentiated by color: a dark

form, with more prominent blackish scale pockets on the body giving a darker overall cast, most of

head, gill membranes, chest and abdomen black, fins blackish; and a pale form, with relatively pale

body and fins, the head, gular and gill membranes gray to blackish, the chest and abdomen light brown

to grayish. The overall physiognomy ofthe two forms seemed to differ, but we were unable to quantify

any specific differences. These differences are not sexual, as we have found both sexes represented

in each form, and the forms are sympatric, some of each having been taken in the same haul off Cape

Leeuwin (CSIRO H3017). We have been unable to determine whether these forms represent simple

color variants ofa single species or are actually distinct species. More specimens and study are needed

before we can confidently state that either one or two species are represented in our WA material.
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McMillan (in Gomon et al. 1994:344, fig. 305) recorded B. cottoides from the Great Australian

Bight. His description agrees well with that species, especially in pyloric caeca counts (7—1 1), low

pectoral ray counts (14—15), and small size ("at least 24 cm"). The presence of that species in the

Great Australian Bight suggests that it is likely to also occur off Western Australia at appropriate

depths.

Gadomus Regan, 1903

A world review of the genus (Howes and Crimmen 1990) included a key to eight species from

the Indo-Pacific region. Two species of the genus are represented in Western Australian waters. They

each differ slightly from known species, but because of inadequate descriptions and insufficient

comparative material, we had difficulty ascribing them with confidence to any known species. One

was sufficiently different that we have described it as new. The other we relate to a known species

but with qualifications. The only account o^ Gadomus from Australian waters is that of McMillan (in

Gomon et al. 1994:357, fig. 317), who provides description ofan unnamed species from off southern

Australia that is similar to our new species. There is need of thorough revision of the genus based on

recent collections available in different museums. In the Comparisons sections for the two species,

data for other species are from the literature, as well as from personal observations of one of us (TI).

Peter McMillan (National Institute of Water and Atmosphere, Wellington, New Zealand) provided

valuable information on G. aoteamis, for which we are grateful.

Key TO Species OF Gadomusvrom Western Australia

la. Total outer gill rakers on first arch 25-28; rakers relatively short, about equal to or slightly longer than longest gill fila-

ment; barbel 65-91% of HL; pyloric caeca 100-136; mouth, tongue, and gill cavity pale G. sp. cf. colk'tti

lb. Total outer gill rakers on first arch 30-33; rakers relatively long, more than twice longest gill filament; barbel 48—56%

of HL; pyloric caeca about 75; mouth, tongue, and gill cavity dark G. pepperi nsp.

Gadomus sp. cf. colletti

Fig. 3

Gadomus sp. A: Williams et a!., 1996:149 (listed).

Diagnosis.— Gill rakers on first arch 25-28 total; snout long, 23-29% HL; head short,

postorbital length 45—50% HL and 47-51% preanal distance; barbel more than three times orbit

diameter, extending beyond end ofjaws; about 100—136 pyloric caeca.

Specimens Examined (15 spec.).— WA: CSIRO H2596-03 (61.9 mm HL, 275+ mm TL);

wnw. of Green Head; 760-770 m;SS 1/9 1/62. CSIROH2550-09 (58.6 HL, 302 TL); 1,100-1,158 m;

SSl/91/11. CSIRO H3 156-35 (5, 41.9-56.5 HL, 203+-268+ TL); n. of Monte Bello I.; 18°53'S,

1 1 5°59'E; 550 m; Surefire; coll. D. Evans; 1 6.III. 1 992. AMS 1.22809-0 10(2, 46.5-53.9 HL, 224-290

TL); off Rowley Shoals; 492-584 m; S02/82/19-21. AMS 1.22810-005 (59.2 HL, 287 TL); NW
Shelf; 736 m; S02/82/22-24. LACM 43620-1 (51.2 HL, 240 TL); approx. 95 km wsw. of Rowley

Shoals; coll. N. Sinclair and P. Berry; 22.Vni.1983. NSW: AMS 1.19862-006 (53.5 HL, 285 TL), se.

of Sydney; 768 m; K76-23-01. AMS 1.24659-001 (56.9 HL, 285 TL); off Broken Bay; 915 m;

K84-08-04. AMS 1.24979-011 (33.3 HL, 166 TL); e. of Broken Bay; 759 m; K84-16-04. AMS
1.29813-006 (38.3 HL, 195 TL); e. of Budgewoi; 722-768 m; K89-06-05.

Counts and Measurements (based on 1 spec).— 1 D. II, 1 0-1 1 ; P. (i 1 6) i 1 7-i20; V. 8; GR-I

(outer) 4—6+21—23; scales ID. 6—7, 2D. 7-7.5; about 100 and 136 pyloric caeca in two specimens.

Total length 203+—302+ mm; HL 41.9—61.9 mm. The following in percent of HL: postrostral

75-79; intemasal 16-18; interorb. 15-19; orb. 24—28; suborb. 10-14; orb.-preop. 45-49; up.jaw
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Figure 3. Gadomus sp. cf. colletd, CSIRO H2596-03 (275+ mm TL), from west-northwest ofGreen Head, WA. in 760-770

m, Southern Sun'eyor station SS 1/91/62. Drawn by Georgina L. Davis.

53-57; pmx. 49-54; post, nostril 4-7. barbel 65-91; pre-A. 190-215; pre-vent 171-191; V.-A.

78-104; isth.-A. 154-178; body depth 72-85; depth at A. 59-66; 1D.-2D. 7-8; ht. 10.(88)137-171;

len. P. (143)179—191; len. V. 86-97. The following in percent ofpmx. length: pmx. ascending process

20.9—27.8; distance across midline between pmx. dentigerous surfaces 3.4—5.3. The following in

percent of pre-A.: HL 47-51; len. P. 87-95.

Description.— Head and body moderately compressed; tail slender (but damaged and short-

ened in most specimens). Snout blunt, rostral cartilage forming distinct knob at snout tip. Dorsal

profile rather straight over head; largest fish rather humped anterior to first dorsal fin where body

depth is greatest. Head ridges poorly developed and lacking modified body scales or scutes; bones of

operculum and snout particularly weak. Membranes of head thin (usually damaged). Orbit relatively

large, interorbital narrow. Mouth large and terminal, extending beyond posterior margin of orbit;

premaxillary ascending process well developed. Chin barbel prominent, fieshy, long, tapering to a

fine point, extending well beyond posterior margin ofjaws.

Teeth minute, villiform, arranged in numerous rows, forming bands on both premaxilla and

dentary. Dentigerous bands of premaxilla broad, widest below anterior margin of orbit, separated by

a narrow gap at symphysis; dentigerous band of dentary relatively narrow, of uniform width.

Gill opening wide, first arch unrestricted; outer gill rakers on first arch well developed, slender,

flattened with tiny conical spines; inner rakers relatively short, about 2.0-2.5 into length of outer

rakers, clublike, slightly expanded distally with short curved spines; longest gill filaments of first gill

arch about 1.0-1.3 into longest outer gill rakers.

Scales large, thin, and deciduous. Gular and branchiostegal membranes unsealed. Light organ

absent.

All fins well developed; rays of second dorsal considerably longer than those of anal fin; second

ray of first dorsal and outer ray of pectoral (= second element) greatly extended; outer ray of pelvic

fin moderately extended, just reaching anal origin; extended rays of pectoral broad and fieshy; dorsal

fins separated by a narrow, rather variable space; pelvic fin bases broad and widely separated.
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Body color pale pinkish on dorsal surface; pale silvery below midline from level ofdorsal margin

of opercle; abdominal region between pelvic fm bases and vent bluish. Entire body speckled with

melanophores; these most dense on underside of head, gular membranes, around nostrils, along

posterior margin of opercle, and over ventral region anterior to pelvic fins. Buccal cavity, tongue, and

opercular cavity pale. Dorsal fin dark; pectoral and pelvic fins dusky.

Size.— To about 30 cm TL.

Distribution.— Collected from the upper and midslope region (320-1,158 m) off the central

west and northwest coasts of Australia (latitudes 10°S-32°S) and offNSW (722-768 m).

Comparisons and Remarks.— The Indo-Pacific species of Gadomus can be separated into

two broad groups based on the number oflower-limb gill rakers on the first arch (Howes and Crimmen

1990). (Note: The "ceratobranchial" counts of Howes and Crimmen are actually counts for rakers on

the ceratobranchial + hypobranchial bones and are equivalent to our "lower-limb" gill raker counts.)

The low count (21-23) of G. pepperi differentiates it from four species with high counts (25-29): G.

aoteanus McCann and McKnight, 1980, G. capensis (Gilchrist and von Bonde, 1924), G. melanop-

terus Gilbert, 1905, and G. vmltifilis (Giinther, 1887).

Four species comprise the Indo-Pacific group with low gill rakers counts (17-23): G. coUetti

Jordan and Gilbert, 1904 from the Pacific coast of Japan and the Kyushu-Palau Ridge, and G.

magnifilis Gilbert and Hubbs, 1920, G. denticulatus Gilbert and Hubbs, 1920, and G. introniger

Gilbert and Hubbs, 1920 from the Philippines and New Caledonia. Gadomiis sp. cf coUetti is most

similar to G. coUetti in having substantial overlap with the characters detailed by Howes and Crimmen

(1990) and Okamura (1970). Notably, it shares a high pectoral fin ray count (il7-i20) that differen-

tiates G. coUetti from the three other similar species, and it has strikingly similar external coloration

when fresh (see Okamura 1 982, pi. 84). It differs from G. coUetti in having a pale buccal cavity—lack-

ing the blackish pigmentation described by Okamura ( 1 970, 1 982). This character may be geographi-

cally variable and unimportant, but it is a distinct difference between the two western Australian

species oiGadomus and can be reliably used to separate them in the field. Because of this uncertainty,

and because G. coUetti is known only from waters around Japan, we refer this material to G. sp. cf.

coUetti pending a more detailed study. Gadomus sp. cf. coUetti differs from G. introniger in its

relatively narrower interorbital (15-19% HL cf 21-23% in our specimens and 20-22% as recorded

by Gilbert and Hubbs (1920) for the type specimens from the Philippines and Indonesia), and from

G. denticulatus in having more lower-limb gill rakers on the first arch (21-23 cf 17-20). Gadomus

magnifUis is distinct among this group in having an extremely elongate second pectoral fin ray

(141-143% of preanal length cf 87-95% in Gadomus sp. cf coUetti) and a longer head (52-55% of

preanal distance cf 47—51%).

Gadomus sp. cf. coUetti can be most easily differentiated from the other Australian species, G.

pepperi by the lack of dark pigmentation of the buccal cavity and tongue, the relatively short outer

gill rakers on the first arch (similar or only marginally longer than the longest filaments cf twice as

long), and the lower number of rakers on the first gill arch (25-28 total cf 30-33).

Gadomus pepperi new species

Fig. 4

Gadomus sp. B: Williams et al., 1996:149 (listed).

Diagnosis.— Gill rakers on first arch 30-33 total; a narrow space separating the premaxillary

denfigerous bands (5.3-6.6% of premaxillary length); first dorsal rays 11,9-10; pectoral rays il6-il9;

barbel less than three times orbit diameter, not extending beyond jaws. About 75 pyloric caeca.

Specimens Examined.— WA: Holotype: CSIRO H2541-04 (50.7 mm HL, 275 mm TL);

Exmouth Plateau; 9 1 3-9 1 4 m; SS 1 /9 1 /2. Paratypes: CSIRO H3008- 1 2 (2, 56. 1-66.0 HL, 280-365
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Figure 4. Gadomiis pepperi nsp. Holotype, CSIRO H2541-04(275 mm TL), from Exmouth Plateau, WA, in 913-914 m.

Southern Surveyor ^XaUon SS 1/9 1/02. Drawn by Georgina L. Davis.

TL); sw. of Albany; 35°25'S, 1 17°2rE; 842 m; Akebono Maru No. 3, shot 8; coll. A. Williams;

22.XII.1989. CSIRO H3017-01 (2, 53.0-60.0 HL, 290-306 TL); nw. of Cape Leeuwin; 34°10'S,

1 14°16'E; 1,030 m; Akebono Maru No. i, shot 17; coll. A. Williams; 24.XII.89 . CSIRO H2563-05

(3, 51.0-67.5 HL, 268-345 TL); w. ofQuobba Pt.; 895-901 m; SS 1/9 1/25. NSW: AMS 1.24059-002

(4 of 7: 45.1-62.0 HL, 238+-383 TL); off Norah Head; 942-978 m; K83-09-02. QLD: AMS
1.20920-004 (54.7 HL, 290 TL); 10-1 1 miles ne. of Raine I.; 1 r32'S, 144°10'E; 1,000 m.

Counts and Measurements (based on 8 spec).— V. 8; GR-I (outer) 5-6(7)+24-26; about

75 pyloric caeca counted in one QLD specimen.

Total lengths 268—365+ mm; HL 50.7-67.5 mm. The following in percent of HL: postrostral

73-76; snout 25-29; intemasal 18-20; interorb. 18-23; orb. 23-26; suborb. 9-12; postorb. 49-53;

orb.-preop. 44^9; barbel 48-56; pre-A. 175-1 93; pre-vent 163-180; V.-A. 63-81; isth.-A. 133-154;

body depth 72-83; depth at A. 57-64; 1D.-2D. 3-6; ht. ID. 157-208; len. P. 193-253; len. V.

132-175; post, nostril 3—6; up.jaw 57—62; pmx. 54—57. The following in percent of pmx.: pmx.

ascending process 19.8—24.3; distance across midline between pmx. dentigerous surfaces 5.3—6.6.

The following in percent pre-A.: HL 52-57; len. P. 40-52.

Description.— Head and body moderately compressed; tail slender (but damaged and short-

ened in most specimens). Snout blunt, rostral cartilage forming distinct knob at tip. Dorsal profile

rather straight over head; slightly humped at level of posterior margin of orbit. Bones of operculum

and snout particularly weak. Membranes of head thin, usually damaged. Orbit small to moderate;

interorbital relatively wide. Mouth extending beyond posterior margin of orbit; premaxillary ascend-

ing process well developed. Chin barbel prominent, fleshy and long, tapering to a fine point, not

extending beyond posterior margin ofjaws.

Teeth minute, villiform, arranged in numerous rows forming bands on both premaxilla and

dentary. Dentigerous bands of premaxilla relatively narrow, of near-uniform width, separated by a

narrow gap at symphysis; dentigerous band of dentary relatively narrow and of even width.

Outer gill rakers on first arch long, slender, flattened, with tiny conical spines; inner rakers

medium length, about twice into length of outer rakers, clublike, expanded distally and armed with
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medium-length, upward-pointing, curved spines; longest gill filaments of first arch about twice into

length of longest outer rakers.

Gular and branchiostegal membranes unsealed.

Second ray of first dorsal and upper ray of pectoral (= second element) greatly extended; outer

ray of pelvic fin extending well beyond anal origin; extended rays of pectoral slender. Pelvic fin bases

broad and widely separated.

Body color creamy yellow to sandy brown; color uniform above and below lateral midline;

abdominal region between pelvic fin bases and vent blue. Dusky pigmentation on anterior region of

jaws and lips, underside of head posterior to barbel, gular region, and around nostrils. Buccal cavity,

tongue, distal portion of branchiostegal membranes, and opercular cavity dark to black. Dorsal fin

dark to black; pectoral and pelvic fins dusky.

Size.— To more than 38 cm TL.

Distribution.— Collected at upper- and mid-slope depths (8 1 7-1 ,500 m) off the west coast of

Australia (latitudes 20°S-35°S). Range extends eastwards to western Bass Strait (southeastern

Australia), NSW, and QLD.
Etymology.— The new species is named to acknowledge Roger Pepper, the fishing master of

FRV Southern Sun'eyor and FRV Soela, for his contribution to many scientific fishing expeditions,

including those that provided much of the material for this study.

Comparisons and Remarks.— The outer, lower-limb gill raker count (24-26) of Gadomus

pepperi is similar to those of four Indo-Pacific species with a high raker count (25-29): G. aoteonus,

G. capensis, G. melanopterus, and G. multifilis (see Howes and Crimmen 1990, and note under

Gadomus sp. cf colletti).

Gadomus pepped is closest to G. multifilis from the northern and western Indian Ocean, sharing

a range of characters including a relatively longer head than in other species oi Gadomus. However,

based on data from the holotype and [presumably] eight other specimens of G. multifilis provided by

Howes and Crimmen ( 1 990: 1 96, table 1 3 ), the new species has more rays in the first dorsal fin (11,9-1

cf 11,8(9) and pectoral fin (il6-il9 cf "15-16"), and a narrower separation of the premaxillary

dentigerous areas (5.3-6.6% of premaxilla length cf 8.2-13.1%). (Note that Howes and Crimmen

use premaxillary length, which should not be confused with our use of upper jaw length. The latter

is significantly longer as it includes the lengths of both premaxilla and maxilla.) Interestingly,

Okamura (1970) recorded 11,9 dorsal rays and 19 pectoral rays in his description of a single specimen

of G. multifilis from the Philippines. However, the orbit diameter of that specimen is the same as the

interorbital width; in contrast, in the Australian species and in G. multifilis from the Indian Ocean,

the orbit is larger than the interorbital width.

Gadomus aoteanus from New Zealand is easily separated from G. pepperi by its relatively short

barbel (19-27%> HL cf 48-56%) and fewer pectoral fin rays (il4^il7 cf il6-il9). (Data from 12

specimens of G. aoteanus as provided by Peter McMillan, NIWA, Nov. 1 996.) It should be noted that

the mensural characters for G. aoteanus in table 14 of Howes and Crimmen's (1990) article are, for

the most part, wrong. The two authors used McCann and McKnight's (1980:21) measurements

thinking they were in millimeters, but the measurements were actually expressed as a percentage of

the snout-to-anus length, viz, McCann and McKnight's "standard length." The pelvic fin ray count

that McCann and McKnight gave as eight is actually nine, from TFs examination of the holotype,

NZOI 189, now deposited in NMNZ. Howes and Crimmen also gave the pyloric caeca count as

14-100+, numbers they obviously obtained from that given by McCann and McKnight for the entire

genus. McMillan has counted 18-25 caeca in 10 specimens, and 33 in an 1 1th specimen.

Gadomus capensis from the Indian Ocean is also distinguished from the new species by its much

shorter barbel (2-7% HL cf 48-56%). The high count of lower-limb gill rakers of first arch (27-29)

of the Hawaiian G. melanoptenis separates it from G. pepperi {lA-ld rakers) and the other species
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in the "high-count" group. Gadomus melanopterus also has a shorter premaxillary ascending process

than the new species (18-20% of premaxillary length cf. 20-24%).

Gadomus pepperi can be most easily differentiated from the other Australian species, Gadomus
sp. cf colletti, by the dark pigmentation of the buccal cavity and tongue (cf unpigmented), the

relatively long outer rakers on the first gill arch (twice as long as the longest filament cf similar length

or marginally longer), and the higher number of rakers on the first gill arch (total 30-33 cf 25—28).

A possible third Australian species has been recorded as ""Gadomus sp." by McMillan in Gomon et

al. (1994:357, fig. 317). That species is similar in many ways to Gadomus sp. cf colletti, including

length of elongated fin rays, lengths of barbel, orbit, upper jaw, and snout, width of interorbital, and

counts of fin rays and gill rakers. However, it differs significantly in numbers of pyloric caeca ( 1 8—33

vs. about 75). A close comparison of more specimens of the two is in order.

Considerably broader collections from the Indo-Pacific are probably required before the identity

and distributions of Gadomus species from this region can be fully determined.

Family Macrouridae
Subfamily Macrourinae
Caelorinchus Giorna, 1810

This genus, the largest in the family, contains more than 100 species, many of which are still to

be described. The Western Australian collections included representatives of at least 20 species, eight

of which are new.

Key to Species of Caelorinchus from Western Australia

(Names followed by an asterisk are species that have yet to be recorded from Western Australia,

but could be expected.)

la. Snout short, blunt, usually less than orbit diameter 2

lb. Snout acutely pointed, longer than orbit diameter 6

2a. Anal fin black on anterior 1/3 to 1/2, pale posteriorly; trunk completely encircled by a broad dark band; underside

of head fully scaled C. matamua
2b. Anal fin light dusky to pale or with blackish stripe extending to end of tail; trunk not encircled by a dark band;

underside of head naked or with a few scales posterior to mouth (in C w/n/.v) 3

3a. Anterior dermal window of light organ extends forward to or beyond line connecting origins of pelvic fins (Fig.

20a"); a distinct black spot on pelvic fins C. minis

3b. Anterior dermal window falls short of line connecting pelvic fin bases (Fig. 1 8c); no distinct spot on pelvic fins . . 4

4a. Snout lacking naked areas dorsaily behind leading edge (Fig. 1 8b); saddle marks on body prominent, dark

C maurofasciatiis

4b. Snout with naked, translucent areas dorsaily behind leading edge (Fig. 20b); saddle marks on body rather faint or

almost lacking 5

5a. Saddle marks obscure on trunk and nape; pale interspaces posteriorly on tail spotlike, especially viewed dorsaily;

median nasal process dark anteriorly C. panifasciatus*

5b. Saddle marks faint but distinct along trunk and nape, with pale interspaces not spotlike and directed diagonally

downward and forward; median nasal process without dark pigmentation C amydrozosteriis n.sp.

6a. Underside of head naked 7

6b. Underside of head scaled, at least posteriorly 14

7a. Light organ long, extends from anus to just behind isthmus; anus immediately before anal fin (Fig. 19a') 8

7b. Light organ extends to just forward of pelvic fin bases at most, but usually well behind; anus slightly removed

from anal fin origin (Fig. 16c, 18c) 12

8a. Anterolateral margins of snout completely supported by bone; body scales small, 7-8.5 below origin of second dor-

sal fin C. aciitirostris

8b. Anterolateral margins of snout incompletely supported by bone; body scales moderate, 4.5-5.5 below origin of sec-

ond dorsal fin 9
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9a. Spinules on body scales in discrete parallel rows (Fig. 8b); dorsal aspects of trunk covered with small to large spots or

elongated blotches; dorsal stripe absent or poorly developed C. pardus n.sp.

9b. Spinules on body scales in widely divergent to quincunx pattern (Fig. 8a, c); trunk either lacking spots, or large spots

and blotches in series forming broken longitudinal streaks; dorsal stripe present from near origin of second dorsal to

tail tip 10

10a. Upperjaw 22-24% ofhead length; snout length 49-50% C. gaesorhynclms nsp.

10b. Upper jaw 30-36% of head length; snout length about 40-46% 11

1 1 a. Pectoral fm rays i 1 3-i 1 5; dark color on dorsum from nape to second dorsal essentially continuous, not broken into

multiple spots; gular membrane uniformly peppered with fine melanophores C. mayiae n.sp.

1 lb. Pectoral fin rays il5-iI8: dark color pattern of dorsum broken into multiple spots or blotches from below first dorsal

fin to origin of second dorsal fin; melanophores on gular membrane forming striated or reticulated pattern

C argenlaliis

12a. A large prominent pectoral spot (usually above and behind pectoral fin base) present at all sizes 13

1 2b. Pectoral spot absent C. goohaki n.sp.

13a. Pectoral spot close to pectoral fin base; spot higher than wide C. maciilatus

13b. Pectoral spot removed from pectoral fin base by 4 or 5 scale rows; spot wider than high C. tiniria n.sp.

14a. Second dorsal fin about as high anteriorly as anal fin; spinules on body scales fine, needlelike, in 10 or more parallel

rows ^ innoiabilis

14b. Second dorsal fin much lower than anal fin anteriorly; spinules on body scales not fine and needlelike, in fewer than 10

rows '5

1 5a. Anterolateral margin of snout completely supported by bone; a short dermal window of light organ present before

anus; anus slightly removed from anal fin origin 16

1 5b. Anterolateral margin of snout incompletely supported by bone; no dermal window of light organ visible; anus

immediately before anal fin '8

16a. Orbit 2.0-2.5 into snout length; 8-10 gillrakers on first arch, 9-10 rakers on inner side of second arch; nasal fossa

almost entirely scaled C. macrorhvncluis

1 6b. Orbit 1 .3-2. 1 into snout length; 7-8 gillrakers on first arch, 7-9 rakers on inner side of second arch; nasal fossa naked

to sparsely scaled anteriorly and ventrally 17

1 7a. Color overall dark, swarthy to chocolate-brown in adults, grayish in juveniles; pectoral fin rays i 1 6-i 1 7 . . . C. smillii

17b. Color dorsally light brownish gray, ventrally pale to whitish; pectoral fin rays il7-i 19 C. cluirius n.sp.

1 8a. Free neuromasts on head prominent, appearing as series of black dots; nasal fossa naked; triangular area bordered by

nasal fossa, orbit and suborbital ridge naked C. trachycanis

1 8b. Free neuromasts on head not conspicuous; nasal fossa partially or wholly scaled; area bordered by nasal fossa, orbit.

and suborbital ridge scaled 19

19a. Color light brown to grayish; mouth, lips, gums pale; most trunk scales with 2 or more incomplete spinule rows, not

extending posteriorly to edge of scale C. acanthiger

19b. Color overall dark brown to black; mouth, lips, gums dark-dusky to black; most trunk scales with all spinule rows com-

plete to edge of scale C. lasti n.sp.

Caelorinchus acanthiger Barnard, 1925

Fig. 5

Coelorhyndnis acanthiger Barnard, 1925:502 (off Cape Point, South Africa; 841 m).

Coelorhynchus pseudoparallelus Trunov, 1983:895 (Namibia; Walvis Ridge, Discovery Tablemount;

80(^-1,800 m).

Caelorinchus acanthiger. McMillan in Gomon et al. 1994:350, fig. 310 (southern Australia). Williams et al.

1996:148 (WA).

Diagnosis.— Snout of moderate length, about 40-43% HL, with dorsal profile straight to

slightly concave and tipped with a sharp, narrow scute; anterolateral margin not fully supported by

bone; orbit diameter 27-30% HL; upperjaw extends to below midorbit. A small, inconspicuous, black

scaleless fossa (length much less than posterior nostril) immediately anterior to anus. Underside of

head covered with small, fme, embedded scales having short, erect clusters of spinules; nasal fossa

usually entirely naked; body scales with a median keellike row of broad-based, enlarged spinules

flanked by two to four short rows of smaller spinules. Pyloric caeca 9-12.

Specimens Examined.— WA: AMS L31 181-013 (2, 86.9-91.3 mm HL, 340-341 mm TL);

sw. of Shoal Point; 853-854 m; SSl/91/41. AMS L3177-009 (83.1 HL, 300+ TL); off Shark Bay;
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996-1,009 m; SSl/91/44. AMS 1.31 180-012 (112.6 HL, 390+ TL); nw. of Shoal Point; 945-960 m;

SS 1/9 1/48. NMV uncat. (3, 86.2-92.9 HL, 290-347+ TL); s. of Cape Leeuwin; 870-920 m;

SSl/91/96. CSIRO H3002-03 (130 HL, 450+ TL); se. of Albany; 35°23'S, 118°27'E; 1,030 m;

Akebono Mam No. 3, shot 2; coll. A. Williams; 21.XIL1989. CSIRO H3008-08 (4, 88.5-108 HL,

335-355+ TL); sw. of Albany; 35°25'S, 1 17°2rE; 842 m; Akebono Mam No. J, shot 8; coll. A.

Williams; 22.XIL1989.

Counts AND Measurements (for 12 WA spec).— ID. 11,8-9; P. (il7) il8-i20; GR-1 (inner)

2+6; GR-II (outer/inner) 0+6 / 2+(6-7); scales ID. 7 or 8, midbase ID. 5-7, 2D. 6.5-7.5. lat.line

33-39(43).

Total lengths 290-450+ mm; HL 83-130 mm. The following in percent of HL: preoral 37^2
internasal 19-20; interorb. 22-24; suborb. 15-17; postorb. 30-32; orb.-preop. 32-36; up.jaw 23-26

barbel 7-1
1 ; gill slit 1 1-1 2 (4 spec); body depth 42-58; 1 D.-2D. 18-31; ht. 1 D. 36-50; len. P. 32-37

len. V. 31-38; len. post, nostril (6) 7-8 (9).

Size.— Attains at least 50 cm.

Distribution.— Widespread from southern Africa across Indian Ocean to Australia and New
Zealand. Relatively common in temperate waters of Australia, from NSW, VIC, TAS, SA, WA.

Comparisons and Remarks.— Caelorinchus acanthiger is most likely to be mistaken for C
trachycams from southern Australia and New Zealand, but can be distinguished by its smaller body

scales and finer scale spinulation that imparts a generally smoother texture to the head and body, the

lack of notably enlarged and coarsened scales on the head exclusive of the ridges, fewer pyloric caeca,

and paler body and fin color lacking violet/purplish tinge on naked areas. Caelorinchus mycterismus

is also closely similar but has a longer snout with a pronounced upturned tip (snout profile relatively

straight in C. acanthiger). In this regard. Western Australian specimens of C. acanthiger have a

slightly upturned snout compared to specimens from NSW, but agree well in all other features. We
attribute this slight difference to geographic variation. Compared to C acanthiger, C. lasti has a darker

overall color, broader spinules on scales of snout, scales present ventrally on nasal fossa, and a number

of different proportions in head measurements, which are compared in Table 1.

Caelorinchus acutirostris Smith and Radcliffe, 1912

Fig. 6a

Coelorlnnchiis acutiro.stris Smith and Radcliffe in Radcliffe, 1912:134-136, pi. 30. fig. 2. text-fig. 10 (Philip-

pines between Cebu and Bohol. 291 m; Albatross sta. 5418; holotype, USNM 72947). Gilbert and Hubbs.

1920:512-514 (descr.; Cebu, Bohol, Mindanao; 291-320 m).

Coelorinchus sp. 1 : Aral in Gloerfelt-Tarp and Kailola. 1984:85, fig. p. 84, and photograph of specimen without

caption on p. 82 (s. Indonesia and nw. Australia).

Caelorinchus acutirostris: Iwamoto and Merrett, 1997:485-486, fig. 6a (specimen from New Caledonia,

Queensland. Philippines).

Diagnosis.— Snout notably slender, attenuate, and sharply tipped, its length 47-58% of HL;

anterolateral margin fully supported by bone; orbit diameter 20-23% of HL; upper jaw short, length

17-22% HL, restricted laterally, extending to below posterior one-third of orbit; barbel short, fine,

5-7% of HL. Premaxillary teeth band short, broad; mandibular band longer and more narrow;

subopercle lacking a prolonged narrow fiap. Light organ a long, blackish, scale-covered streak

extending from just behind isthmus to front of anus. Underside of head completely naked; nasal fossa

usually naked, but small scattered scales in some specimens; body scales small, their exposed field

covered with conical erect spinules in 5—7 slightly divergent rows, 7—8.5 scale rows below origin of

second dorsal fin, 42-58 lateral line scales over a distance equal to predorsal length. A dark streak

(sometimes faint) on belly extending horizontally from pectoral fin base to above anal fin origin; a

curved dark streak (often faint) passing below base of first dorsal fin from nape to second dorsal;
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Table 1. Comparison of characters of Caelorinchus acanthiger, C. trachycarus, C. mycterismus, and C.

lasti.
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chest and vent areas darkly punctulate to black; anterior 10-15 rays of anal fin blackish; suproccipital

scute well developed; second dorsal fin moderately well developed for genus.

Specimens Examined.— WA: CSIRO CA405; NW Shelf, Mermaid Reef, Rowley Shoals;

17°24'S, \\9°54'E; 305-322 m;FRV Courageous; 1 0.VL 1978. CSIRO CA344;NW Shelf; 1978 (no

other data). CSIRO CA345 (76 HL, 270+ TL); NW Shelf; FRV Courageous; V.1978. AMS
1.23423-01 1 (59.0 HL, 216+ TL); NW Shelf; 376 m; S04/82/legl. AMS 1.22825-13 (4, 61+-79.5

HL, 200+-252 TL); NW Shelf; 300-326 m; S02/82/43.44. WAM P.26209-003 (3, 45.8-67.0 mm
HL, 142-202+ mm TL); 225 km nnw. of Port Hedland; 297-330 m. Philippines: USNM 72947

(holotype, 205 mm TL); Philippines between Cebu and Bohol; Albatross sta. 5418; 291 m. (Also,

specimens cited in Iwamoto and Merrett 1997)

Counts and Measurements.— 1 D. II,(7)8-9( 10); P. i 1 5-i 1 7; total GR-I (inner) ( l-2)+(5-6),

6-8, GR-II 5-6/(1-2 )+(5-6), 6-8; scales ID. 7-9, midbase ID. 5-7.

Total length 1 10+-238+ mm; HL 38.3-69.2 mm. The following in percent of HL: preoral (40)

43-52; intemasal 13-20; interorb. 18-22; suborb. 1 1-13; postorb. 23-30; orb.-preop. 27-32; gill slit

8-12 (13); pre-A. 126-153; V.-A. 26-^4; isth.-A. 48-68; body depth 36-57; 1D.-2D. 8-13; ht. ID.

32-42; len. P. 28-41; len. V. 23-34; post, nostril 4-9.

Size.— Largest specimen known is 24 cm TL.

Distribution.— Known from the Philippines, off WA and QLD, and off New Caledonia;

probably occurs throughout Indonesia.

Comparisons and Remarks.— Caelorinchus acutirostris is a peculiar species among the

Caelorinchus of Iwamoto's Group IV (Iwamoto 1990) in that it has a long light organ typical of the

group and a complete bony support of the anterolateral snout margin. All other Group IV macrourids

have the anterolateral snout margin incompletely supported by bone. The small scales and distinctive

body markings in fresh specimens coupled with other diagnostic features make the species unlikely

to be mistaken for any other.

Caelorinchus amydrozosterus new species

Fig. 7

Caelorinchus sp. 2: McMillan in Gomon et al., 1994:348, fig. 308 (descr.; VIC, 300-600 m).

Caelorinchus sp. A: Williams et al., 1996:148 (WA).

Diagnosis.— Snout short, anterolateral margin incompletely supported by bone; orbits longer

than snout and postorbital. Naked fossa of ventral light organ (ADW) (Fig. 7c) relatively large,

anterior end reaches about to line connecting pelvic fin insertions. Underside of head and nasal fossa

naked; broad, naked, translucent areas dorsally behind leading edges of snout (Fig. 7b). A series of

scales on midline ofnape with median spinule row elevated into low crests, forming weak but distinct

ridge from supraoccipital scute to dorsal fin. A series of 12-13 faint saddle marks, the anterior four

directed anteriorly downwards. Pyloric caeca 15—16.

Specimens Examined.— Holotype: NMV A3405 (52.5 mm HL, 200+ TL); 42 km sw. of

Portland; 297-334 m. Paratypes: WA: NMV A7108 (5 of 7, 41.1^8.5 mm HL, 185+-221+ mm
TL); 100 km se. of Esperance; 34°41.rS, 122°27.0'E; 717-710 m; Saxon Progress; field no. RP-1;

14.VIII.1988. CAS 79576 (formerly NMV A6191) (4, 41.3-50.2 HL, 194-226 TL); 80 km ssw. Of

Esperance; 34°34'36"S, 121°32'48"E; 504-^77 m; Saxon Progress; coW.RW; 1 5.VIII. 1988. CSIRO
H2604-02 (394 HL, 180+ TL); sw. of Ledge Pt.; 512 m; SSl/91/70. CSIRO H2605-03 (37.9 HL,

183 TL); nw. of Rottnest I.; 485 m; SSl/91/71. CSIRO H2607-01 (41.1 HL, 197+ TL); Rottnest

Canyon; 550 m; SSl/91/73. CSIRO H2618-04 (39.7 HL, 193 TL); 430 m; SSl/91/87. AMS E3583

(5 1 .6 HL, 220+ TL), E3585 (52.0 HL, 245+ TL), E3586 (48.9 HL, 1 95+ TL); Great Australian Bight

se. from Eucla; Endeavour; 6.V.1913. VIC: NMV A3405 (2, 43.3-52.5 HL, 200+-210 TL); 42 km
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Figure 7. Caelohnchus amydrozosterus n.sp. Holotoype (NMV A3405, 200+ mm TL) from 42 km southwest of Portland,

VIC, in 297-334 m. (a) Lateral view (fins and scales partially reconstructed); (b) dorsal view of head to show snout shape and

naked areas behind leading edge of snout; (c) ventral view of abdomen to show shape and location of light organ and anus.

Scale bar represents 25 mm.

sw. of Portland; 297-334 m. NMV A803 (2, 44.2^6.8 HL, 1 98+-225+ TL); Bass Strait off Portland;

38°50'S, 141°46'E; 549 m; coll. M. Gomon (MFG-15); 6.III.1980. NSW: AMS 1.15975-036 (42.9

HL, 200+ TL); 35 miles se. of Newcastle; 33°1 1'S, 152°23'E; K7 1-08-05. SA: AMS L871 1-006 (3,

40.7^4.6 HL, 182+-214 TL); "off southern Australia," DmiUy Mendeleev, 28.11.1976.

Counts AND Measurements.— ID. 11,9-10, P. (il5) il^il8; GR-I (inner) (l-2)+7, GR-II

(outer/inner) 7-8 total /2+(7-8); scales ID. 5-6, midbase ID. 3.5-4.5, 2D. 3.5^.5, lat.line 23-27;

caeca 15—16.

Total length 177-245 mm; HL 37.9-52.0 mm. The following in percent of HL: snout 29-34;

preoral 27-35; intemasal 21-26; interorb. 17-22; orb. 38-43; suborb. 15-18; postorb. 30-33;

orb.-preop. 30-34; up.jaw 26-30; barbel 8-14; gill slit 13-17; pre-A. 139-159; V.-A. 66-81; body

depth 56-70; 1D.-2D. 18-28; ht. ID. 63-81; len. base ID. 22-33; len. P. 54-61; len. V. 4^51; post,

nostril 6-13 (13); len. ADW 14^21.

Description.— General features offish seen in Figure 7. Snout short, acute in lateral profile,

but blunt with broadly convex sides in dorsal view; terminal scute small, broad; subopercle forming

a short, acute flap ventrally; mouth small, upperjaw extends posteriorly to below midorbit or beyond.

Chin barbel short, length less than least width of interorbital space.

Scales typical of other members of clade {C. fasciatus, C. maurofasciatus, C. parvifasciatus, C.

minis, etc.); those on body with 8—12 (more in larger specimens) close, parallel rows of short,

recumbent spinules. A modified median series on nape (see Diagnosis).
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Fins well developed, typical of genus; high first dorsal lacking prolonged spinous ray; second

dorsal rays low throughout. Pelvic fin with slightly prolonged outer ray.

Naked fossa of ventral light organ (Fig. 7c) separated from periproct region by a gap of several

scale rows, extending to line connecting pelvic fin insertions (black streak extends farther forward,

however); anus at anal fin origin.

Anterior four saddle marks on body directed anteriorly downwards, 1st saddle over nape,

separated by pale interspace 2 rows wide running from origin of first dorsal through hind margin of

occipital region, terminating at upper margin ofopercle; 2nd oblique pale interspace originating under

midbase of first dorsal; 3rd pale interspace originating under origin of second dorsal; saddle bands

more pronounced posteriorly on tail, 8th saddle extending to anal base, pale interspaces not "spotlike";

underside of head, includingjaws and gill membranes, and most ofbody pale creamish to white, trunk

dark only around ventral light organ; opercle with a small black blotch; first dorsal fin dark dusky

with pale base and posteriormost rays; pectoral fin clear to light dusky; pelvic fin with blackish blotch;

anal fin dusky with fine, scattered speckling; anterior rim of orbits distinctly black; lips and gums
cream, mouth cavity dark.

Size.— To about 25 cm.

Distribution.— Broadly distributed from WA, SA, VIC, and NSW. So far not known from

TAS. Depth distribution from about 297 m to 717 m.

Etymology.— From the Greek amydros, indistinct, obscure, and zosteros, belt, girdle, in

reference to the faint bands on the body.

Comparisons and Remarks.— Caelorinchus amydrozosterus is another species of the C.

fasciatus group. It is most likely to be confused with C. parxnfasciatus because of its small size, similar

general appearance, and overlapping distribution in Australia. The two are readily distinguished,

however, by C. amydrozosterus having a larger ADW; more pronounced banding pattern on body,

with pale interspaces not spotlike and angled diagonally down and forward (at least in first four);

fewer pyloric caeca (15-16 cf 22-2S, fide McMillan and Paulin 1993:827); a small dark blotch on

opercle, not extending onto subopercle and preopercle; and a series of modified scales along midline

of nape. Caelorinchus maurofasciatus differs in having the dorsal surface of the snout entirely scaled;

a smaller light organ; more pyloric caeca (22-32 fide McMillan and Paulin 1993:826); more
prominent saddles, the anteriormost saddle ending at origin of the first dorsal fin and the pale

interspaces directed ventrally and posteriorly; and a dark marginal stripe on the anal fin. Caelorinchus

fasciatus differs in having a smaller ADW; larger, more prominent scutelike scales on nape that form

a high, sharp, median ridge anterior to first dorsal fin; and a completely scaled dorsal snout surface.

Caelorinchus cookianus from New Zealand differs in having darker saddles, no modified scales on

the nape, and 19-27 pyloric caeca (McMillan and Paulin 1993:827). Caelorinchus mystax and C
bollonsi from New Zealand waters differ from C. amydrozosterus in having many more pyloric caeca,

among other differences (see McMillan and Paulin 1993:827).

Caelorinchus argentatus Smith and Radcliffe, 1912

Fig. 6b

Coelorhynchus argentatus Smith and Radcliffe. in Radcliffe 1912:137,138 (holotype USNM 72949. Philippines,

vicinity of Jolo, 582 m).

Diagnosis.— Snout moderately long, 40-44% of HL, with a slight humplike rise in dorsal

profile over nostril; anterolateral margins not fiilly supported by bone; snout scales anterolaterally

overlap onto ventral surfaces; orbit diameter 22-27% of HL; upper jaw about one-third of HL,
extending posteriorly to below hind margin of orbit; barbel 6-14% of HL; subopercle without a

slender projecting tab. Broad, median-ventral streak of light organ extends from anus onto chest just
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behind isthmus. Underside of head completely naked (except for overlapping scales on snout); nasal

fossa naked, naked area extending posteriorly onto suborbital shelf below anterior half of orbit; body

scales thin, spinules short, fine, conical, in slightly divergent rows to somewhat quincunx pattern.

Second spinous ray of first dorsal fin blackish over distal three-quarters; median nasal bone blackish;

body markings variable, often faint, but in most specimens, an elongate, horizontal blotch behind

occipital region over anterior end of lateral line, area below dorsal interspace with small blotches, a

narrow tapered stripe from below origin of second dorsal to end of tail, with anterior end somewhat

club-shaped; gular membrane with finely striated or reticulated pattern.

Specimens Examined.— WA: NTM S. 1 2728-028 (83.1 mm HL, 275+ mm TL); sw. ofRowley

Shoals; 420 m. NTM S. 12727-007 (79.5 HL, 250+ TL); sw. of Rowley Shoals; 410 m. AMS
L22808-037 (2, 71.6-78.0 HL, 224+-270 TL); NW Shelf, 220 km n. of Port Hedland; 420 m;

S02/82/17-18. AMS L22821-010 (3, 63.8-76.2 HL, 229-265+ TL); NW Shelf, ne. of Port Hedland;

298-320 m; S02/82/36-38. AMS 1.23425-01 5 (4, 66.6-93.4 HL, 250-326+ TL); NW Shelf; 298-320

m; S04/82/legl. NT: NTM S. 12458-002 (2, 64.6-76.3 HL, 242-250 TL); Arafura Sea, se. of

Tanimbar L; 9°17'S, 131°08'E; 297 m; 5.Vn.l988. NTM S.13146-017 (63.5 HL, 222+ TL); Arafura

Sea, n. of Bathurst L; 9°45'S, 130°14'E; 265 m; 6.II.1990. Timor Sea: AMS L2 1804-002 (est. 66

HL, 235+ TL); 190 m; 1979. QLD: AMS L22469-001 (93 HL, 300 TL); Great Barrier Reef, offNo

Name Reef; 14°39'S, 145°43'E; Samarai; 30.X.1981. AMS L258 14-003 (37 HL, 135 TL); n. of

Townsville; 260-264 m; SOl/86/29. AMS L2581 7-002 (38 HL, 140 TL); n. of Townsville; 296 m;

SOl/86/35. AMS L25826-004 (42.1 HL, 147 TL); n. of Townsville; 300 m; SOl/86/53. CSIRO
H691-02 (79.0 HL, 279 TL); Queensland Trough, e. of Hinchinbrook L; 402 m; S06/85/47. Philip-

pines: USNM 72949 (holotype, 93.2 mm HL, 365 mm TL), vicinity of Jolo; Albatross sta. 5 1 72; 582

m. CAS 34436 (82.7 HL, 300 TL); Batangas Prov., Balayan Bay, se. of San Pedrina Pt.; 144-170 m;

coll. J. E. Norton; 22.Vn.1966. CAS 34857 (59.3 HL, 228 TL); se of Pagapas Bay; 326-362 m; coll.

J. E.Norton; 4. VIII. 1966.

Counts and Measurements (see Tables 3-5 for additional measurements).— 1 D. 11,8-9 ( 1 0);

P. il5-il7 (il8); total GR-I (inner) 7-9, GR-II (outer/inner) 5-7/8-9; scales ID. 6-8, midbase ID.

3.5-5.5, 2D. 4.5-5.5(7.5), lat.line 35-48; caeca 9-1 3.

Total lengths 135-365 mm; HL 42.1-93.2 mm. The following in percent of HL: preoral 27-37;

intemasal 18-23; interorb. 22-27; suborb. 11-14; up.jaw 30-36; gill slit 13-18; pre-A. 137-167;

V.-A. 39-60; isth.-A. 7 1-96; body depth 43-60; 1D.-2D. 14-29; base ID. 17-21; len. P. 32^3; post,

nostril 4—9.

Description.— Iwamoto and Merrett (1997) provided a detailed description ofC argentatus.

General proportions and shapes of fins, head, and body much as in C. mayiae and C. pardus.

Body scales of C. argentatus relatively deciduous; few scales remain in specimens examined

except on head, chest, and over dorsal aspects of trunk. Scales dorsally below origin of second dorsal

fin (Fig. 8a) having short, conical, slightly recurved spinules, arranged in irregularly divergent rows

to quinqunx pattern. Posteriormost spinules in each row scarcely extend beyond edge of scale. Scales

ventrally on chest with broader, flatter spinules, more triangular in shape; few remaining scales over

abdomen and above anal fin origin with short triangular spinules, similar to those illustrated for C.

kamoharai Matsubara, 1 943 by Okamura ( 1 970, fig. 64). Scales over snout and over interorbital space

rather thin, but abundantly covered with short, conical spinules. Underside of snout with tiny black

punctations and small, black, hairlike papillae, as also found in C. kamoharai. Body markings rather

similar to those of C. mayiae, but more spotted and not as prominent. Blotchy markings dorsally on

nape and trunk fairly extensive but blotches broken below dorsal interspace. Elongated horizontal

blotch behind occipital region present in most specimens, but faint in others. Thin, tapering dark stripe

beginning below origin of second dorsal fin extends length of tail. Anterior end of dorsal stripe

expanded and directed ventrally, but fading before joining darkened area of periproct. Lateral aspects

of abdomen peppered with large dots under a thin silvery surface covering; ventrally on abdomen.
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Figure 8. Scanning electron micrographs of scales of seven species of Caelorinchus: (a) C. argentafiis; (b) C. panJiis; (c)

C. mayiae; (d) and (e) C. charius; (f) C. goobala; (g) C. maculatus; (h) and (i) C mycteiismus. All scales except (e) and (h)

are from the region below or near the interspace of the first and second dorsal fins; (e) and (h) are from the underside of the

snout.
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from periproct region to anterior end of pelvic tm bases, dots sparse to moderate. Pelvic fm bases and

pelvic girdle whitish, with scattered black punctations. Dark chest strongly contrasts with pale belly.

Pelvic fins dark at base, tip, and along outer ray, but pale in middle. Segmented first dorsal rays with

faint trace of broad darkish stripe across middle. Anal fin somewhat blackish on anterior few rays,

but otherwise clear to light dusky posteriorly, with no blackened margin. Barbel dark to dusky, paler

distally. Maxillary and lips densely pigmented.

Size.— To about 37 cm TL.

Distribution.— Widespread in warm-water regions of Australia, from Northwest Shelf(about

118°E) to Arafura Sea (to 133°39'W) to QLD, in 260-420 m. Also known from Philippines,

Indonesia, and New Caledonia.

Comparisons and Remarks.— Caelorinchus argentatus is so similar to C mayiae that

meristic and morphometric differences are minimal. Selected characters of the two species are

compared in Tables 2-A. The generally fewer pectoral fin rays (Table 3) are helpful in distinguishing

C. argentatus from C. mayiae. The scales atop the snout in C mayiae are much weaker and sparser

than in C. argentatus, giving the snout a more transparent and smoother appearance. Color patterns

appear to be the best features for distinguishing the two species. In C. mayiae the dorsum from nape

to second dorsal fin is continuously dark, whereas in C. argentatus the dark color is broken into smaller

blotches, especially under the space between the dorsal fins and around the base of the first dorsal

fin. (The dorsal color patterns are faint or almost absent in Philippines and some large Queensland

specimens of C argentatus.) In C. argentatus the pigmentation on the gular membrane of adults is

in the form of fine striations or reticulations, in contrast to the uniformly peppered appearance in C.

mayiae. The pelvic fin base and pelvic girdle of C. mayiae are almost entirely without pigmentation

except along the edges, whereas those areas in C. argentatus have large scattered melanophores. In

specimens of C argentatus, the underside of snout is densely covered with short, minute, hairlike

papillae (in addition to short, small, paired papillae), whereas in C. mayiae, these hairlike papillae are

sparse or almost entirely absent.

Caelorinchus argentatus differs from C pardus in scale spinulation, color pattern on dorsum,

and in having a rather dense covering of papillae on the underside of head.

Caelorinchus denticulatus Barnard, 1925 from the western Indian Ocean, and four species from

southern Japan and the East China Sea {C formosanus Okamura, 1963; C. longissimus Matsubara,

1943; C. kamoharai Matsubara, 1943; and C. multispinulosus Katayama, 1942) also belong in this

species clade. They are all very similar in general features to C argentatus but can be distinguished

from C argentatus by their gular membrane being uniformly punctate and not striate or reticulate.

Caelorinchus denticulatus is further distinguished by having somewhat fewer pectoral fin rays

(i 1 4—i 1 5); C.formosanus by scales on the underside ofhead posterior to the lowerjaw; C longissimus

by more pyloric caeca (16-23) and somewhat more pectoral fin rays (16-20); C. kamoharai by

somewhat more pectoral rays (16-20) and more gill rakers ([l-2]+[8— 10] on inner side of first arch);

and C multispinulosus by its much different pigmentation pattern on the body.

Caelorinchus charius new species

Fig. 9

Caelorinchus sp. E: Williams et al. 1996: 148 (WA).

Diagnosis.— Snout moderate in adults to long in young, sharply pointed, 38—50% of HL;

anterolateral margin fully supported by bone; orbit diameter slightly less than postorbital length of

head (in young about equal to or slightly greater than), 24-30% ofHL, 1 .3-2. 1 times into snout length;

upperjaw extends posteriorly to below hind margin ofpupil; subopercle produced into a short, narrow,

pointed fiap. Short, naked black fossa of light organ immediately anterior to anus; anus removed from
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Table 2. Selected measurements (%HL) compared for Caelorinchus argentatus and C. mayiae; specimens

of the former species separated by regions (P. I. = Philippines, WA = Northwest Shelf of Western Australia;

A&T = Arafura and Timor seas, QLD = Queensland).
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Table 4. Comparison of selected measurements (in %HL) of Caetorinchus argentatus, C. mayiae, C.

gaesorhynchus, and C. pardus.
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Figure 9. Caelorinchus charius n.sp. (a) Lateral view ofholotype (AMS 1.3 166-005, 370+ mm TL) (scales and fins partially

reconstmcted) from off Shark Bay. WA, in 610-6)2 m; (a") dorsal view of snout of holotype; (a") diagrammatic ventral view

of periproct and light organ; (b) lateral view of small paratype (CSIRO HI5I4-34, 270+ mm TL) from North West Shelf in

582 m. Scale bar represents 25 mm.

divergent rows, scales over interorbital with bladelike spinules; supraoccipital scute rather weakly

developed.

Light organ short, but naked fossa anterior to anus prominent, its length usually shorter than

greatest diameter of posterior nostril. Pyloric caeca long and slender, longest about 40 mm in 98.5

mm female from AMS L31 166-005.

Color overall light brownish gray dorsally; faintly bluish over abdomen; ventrally over most of

body pale with ivory to silvery reflections. Underside of head whitish except anteriorly along snout

margin slightly dusky. Median nasal bone dark in darker specimens. Lips, gums, barbel, anterior

margin ofmouth cavity cream colored, but otherwise dark; gullet and gill-cavity linings dark. Dorsal,

pectoral, and anal fins lightly dusky; pelvic fins dark dusky but outer ray distally white. In smaller

individuals from CSIRO HI 5 14-34 and NTM S. 1259 1-0 17, faint saddle bands noticeable on tail,

these bands less distinct in darker, fully scaled specimens.

Size.— To more than 37 cm TL.

Distribution.— Known only from offWA, from west of Steep Point (26°S) to the North West

Shelf north of Port Hedland ( 1 8°S), and off Rowley Shoals ( 1 7°S). Depth range 420-69 1 m.

Etymology.— From the Greek charieis, graceful.

Comparisons and Remarks.— This common new species shows considerable ontogenetic

change in snout proportions, with the snout notably longer and sharper in the young than in the adults.

These differences can be seen by comparison of the figures for young (Fig. 9b) and adult specimens

(Fig. 9a). The snout appears to actually diminish in absolute length after a certain size, such that a
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small individual may have a longer snout than another much larger individual. This difference affects

most proportional values, as well as the lateral-line scale count.

Relationships of the new species seem to lie closest to C. smithi, but that species is distinctly

darker in overall color than C. charius; it has a sharper, thinner snout in lateral profile and somewhat

fewer pectoral fin rays (i 1 6-i 1 7 cf. i 1 7—i 1 9). Another closely similar species is C. commutahilis Smith

and Radcliffe, 1912, but C. commutabilis has notably different spinulation on scales covering the

underside of the head; they are broadly bladelike in ridged rows, whereas in C charius they are

needle-shaped (but usually 3-sided in cross section) and arranged in clusters.

Caelorinchus charius can be distinguished from most other members of the genus by the

combination of anterolateral margin completely supported by bone, characteristic light organ and

scale spinulation, mostly scaled underside of head, and sparsely scaled nasal fossa.

Caelorinchus gaesorhynchus new species

Fig. 10

Diagnosis.— Snout 49-50% of HL, anterolateral margin of snout not completely supported by

bone; characteristic scales overlap onto anteroventral snout surface; orbit diameter 23—24% of HL;

upper jaw short, 22—24% HL, extends to below posterior one-third of orbit; subopercle lacking a

prolonged narrow flap; barbel short, about 7% of HL. Light organ extends from isthmus to anus.

Underside of head completely naked (except as noted above); nasal fossa naked; body scales thin,

spinules short, fine, in somewhat quincunx pattern. First dorsal fin dusky overall, but edges of base

blackish; no bold body markings (at least in adults); median nasal process blackish; mouth cream

colored, but lips and premaxillary processes blackish.

SPECIMENS EXAMINED.— WA: HOLOTYPE: CSIRO H2548- 1 3 (76.3 mm HL, 245 mm TL); nw.

ofNW Cape; 290 m; SSl/91/08. Paratype: CSIRO H2548-16 (70.6 HL, 235 TL); same data as for

holotype.

Counts and Measurements (holotype data first, followed by paratype data if different).

—

1 D. n,9; P. i 1 5/i 1 5, i 1 5/i 14; GR-I (inner) 2+6; GR-II (outer/inner) 0+6/2+6; scales 1 D. 5, 6, midbase

ID. 4, 2D. 5, lat.line46,43.

Total lengths 245 mm, 235 mm; HL 76.3 mm, 70.6 mm. The following in percent of HL: snout

49, 50; preoral 44, 47; intemasal 18; interorb. 23, 21; orb. 24, 23; suborb. 11; postorb. 28, 27;

orb.-preop. 34, 3 1 ; up.jaw 24, 22; gill slit 1 0, 1 1 ; pre-A. 1 49, 1 39; V.-A. 41,35; isth.-A. 69, 59; body

depth 41, 45; 1D.-2D. 19, 14; len. P. 31,-; len. V. 26, 28; len. base ID. 17, 16; post, nostril 6, 8.

Description.— General features offish seen in Figure 10. Snout long and attenuated, with a

sharply pointed tip. Orbits oblong, horizontal diameter about equal to postorbital length of head,

much shorter than snout length. Mouth relatively small, upper jaw less than orbit diameter, the rictus

extending posteriorly to below mid-orbit, the maxillary to below hind one-third of orbit. Suborbital

shelf broad, with a series of strongly adherent, somewhat platelike scales covered with short spinules

forming a sharp angular ridge separating upper and lower halves, scales above this ridge series thin

and deciduous in region under nostrils and orbit; posterior end of ridge extends almost to posteroven-

tral margin of preopercle bone. Preopercle somewhat prolonged posteriorly into a rather sharp lobe.

Subopercle bone closely adhered to small opercle, posteroventral comer forming short nib, not

prolonged into flap. Narrow naked cleftlike region along each side of median nasal ridge; nasal fossa

completely naked. Underside of head completely naked except for characteristic overlapping scales

along anterolateral margins. Barbel short, fine. Gill openings relatively wide, extending forward

ventrally almost to hind end of orbits, gill membranes narrowly attached to isthmus.

Teeth small, in moderately-wide tapered bands in both jaws, premaxillary band extending almost

to posterior end of rictus, mandibular band to or beyond end of rictus. No enlarged outer series of

teeth.
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Figure 10. Caelorinchus gaesorhynchus n.sp. Holotype (CSIRO H2548-13, 245 mm TL) from northwest of North West

Cape in 290 m. Fins and scales partially reconstructed. Scale bar represents 25 mm.

Fin size typical of other members of C argentatus clade. Height of first dorsal fin less than

postrostral length of head; second dorsal fin poorly developed; pectoral and pelvic fins ofabout equal

length, outer pelvic ray slightly prolonged.

Light organ characteristic of Iwamoto's (1990) Group IV, externally characterized by a long

median-ventral black streak extending from fossa just behind isthmus to immediately anterior to anus,

the streak expanded at each end and entirely scale covered.

Body overall pale. Gums cream colored, upper jaws anteriorly blackish, lower lips black; lower

jaw margins blackish; gill membranes dark. Opercle and subopercle dark. Gill cavity dark overall,

but pale over hyoid bones. Pectoral fins dusky overall; pelvic fins densely covered with large

melanophores; anal fin anteriorly dark, but dusky overall; medial surfaces of pectoral fin base black;

base of first dorsal outlined with thin black margin.

Size.— Attains at least 25 cm TL.

Distribution.— So far known only from off Northwest Cape and Northwest Shelf at 290 m
depth.

Etymology.— From the Greek, gaison, gaisos, a spear, javelin, and rhynchos, snout, in

reference to the notably long, sharp snout.

Comparisons AND Remarks.— We initially confused specimens of C. gaesorhynchus with C.

argentatus and C. mayiae, but comparison with representatives of those species revealed notable

differences in snout length, mouth size, and pigmentation patterns. In C. argentatus the snout equals

about 40-44% of HL, in C. mayiae it equals 43^6%, but in C. gaesorhynchus it is 49-50% of HL.

Caelorinchus argentatus also has small black punctations and hairlike papillae on the ventral surfaces

of the head, and the spinules on scales posteriorly and ventrally on the trunk are triangular in shape

along the leading margin of the exposed field. The upper jaw length in C. argentatus equals about

30-35% of HL, in C. mayiae 3 1-33%, whereas it is 22-24% in C. gaesorhynchus (this character also

distinguishes the species from C. pardus). Caelorinchus kamoharai differs from the new species in

its longer upper jaw, and in having more rays in the first dorsal fin and more gill rakers. Caelorinchus

gaesorhynchus has pelvic fins heavily pigmented throughout, and the first dorsal fin is dusky. In

contrast, the other species of this group have pelvic fins with scattered punctations at the base, tip,

and sometimes the outer ray, but not in the middle; the black pigment on the first dorsal fin lies between

the second spinous and first segmented rays, with the proximal portion completely pale.
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Caelorinchus goobala new species

Fig. 1

1

Diagnosis.— Snout long, slender and sharply pointed in young, shorter, blunter in adults,

36-49% HL; anterolateral margin fully supported by bone; orbit 23—3 1% HL, 1 .2 to almost 2.0 into

snout length. A short, poorly defined light organ in front of anus. Underside of head and nasal fossa

completely naked; body scales with conical spinules, aligned in about 5—1 1 divergent rows, the

individual spinules separate and not overlapping onto each other and without a transversely broadened

base; spinules on scales of interorbital space small, fine, conical, in divergent rows; a relatively broad,

translucent, unsealed area dorsally on each side of snout behind anterolateral margins. First dorsal fin

with distal tip black; mouth pale.

Specimens Examined.— WA: Holotype: NTM S. 1 263 1 -004 (85.4 HL, 260+ TL); NW Shelf

offRowley Shoals; 1 7°37'S, 1 1 8°40'E; 400 m; coll. W. Houston (WH85-2
1 ); 4.XL 1 985. Paratypes:

AMS L22808-042 (8, 63.7-94.0 mm HL, 183+-345 TL); NW Shelf, 220 km n. of Port Hedland; 420

m; S02/82/1 7- 18. CSIRO H 1 5 14-3 1 (6 of 1 1 spec, 59.7-77.2 HL, 206-290 TL); NW Shelf; 582 m;

SO5/88/190. AMS 1.23423-014 (63.5 HL, 21 1 TL); NW Shelf; 376 m; S04/82/legl . AMS 1.23425-

019 (54.8 HL, 200 TL) and CAS 200229 (61.4 HL, 200 TL); NW Shelf; 400 m; S04/82/legl . NTM
S. 1 2588-023 (98.5 HL, 380+ TL); NW Shelf offRowley Shoals; 1 7°22'S, 1 1 8°38'E; 403 m; coll. W.

Houston (WH85-15); 2.1.1985. NTM S.12614-023 (2, 57.4-82.9 HL, 180+-302 TL); NW Shelf off

Rowley Shoals; 1 7°34'S, 1 1 8°38'E; 41 m; coll. W. Houston (WH85-33); 7.XL 1985. NTM S. 1 3 1 1
5-

002 (57.5 HL, 150+ TL); n. of Cape Leveque; 14°07'S, 122°06'E; 423 m; coll. D. Evans; 24.1.1990.

NT: Timor Sea: ZMMGU uncat. (72.5 HL, 291 TL); 9°07.5'S, 131°14.9'E; 340 m; Akademik Berg;

26.V.1967. ZMMGU uncat. (75.2 HL, 291 TL); 9°00.0'S, 130°39.8'E; 445-520 m\ Akademik Berg;

30.X.1968.

Counts and Measurements (21 spec).— ID. 11,(7)8-9; P. il4-il7; GR-I (inner) (l-2)+6;

GR-II (outer/inner) 0+(5-6)/2+(5-6); scales ID. 4.5-5.5, midbase ID. 3.0-3.5, 2D. 4.0-5.5, lat.line

26-36 (38); caeca 30-44 (7 spec).

Total length 1 80+-380+ mm; HL 57.4-98.5 mm. The following in percent ofHL: preoral 25^4
intemasal 16-19; interorb. 19-24; suborb. 10-15; postorb. 27-39; orb.-preop. 31-^3; up.jaw 23—29

barbel 7-14; gill slit 8-15; pre-A. 136-164 (171); V.-A. 31-57; isth.-A. 47-90; body depth 32-56

1D.-2D. 15-39; ht. ID. 38-53; len. P. 32-52; len. V. 33^4; post, nostril 7-10.

Description.— General features ofadult seen in Figure 1 la. Snout ofmoderate length in adults,

slightly longer than orbit diameter, but much longer and more attenuated in young (Fig. 1 lb) and

almost twice orbit in some juveniles; tip sharply pointed and armed with a slender terminal scute.

Orbit somewhat less than postorbital length of head. Mouth small, upper jaw length about equal to

orbit diameter; maxillary extends about to below hind margin of pupil; rictus to about front margin

of pupil. Barbel short, tapering to a fine tip; usually about equal to or less than suborbital width.

Posteroventral comer of subopercle forming a slender flap. Nasal fossa and underside of head

completely naked. A translucent naked area on each side of snout medial to anterolateral margins.

Gill membranes broadly attached to isthmus, moderately restricting gill openings.

Premaxillary teeth in broad short bands not extending to end of rictus; mandibular teeth in long

narrow band extending to end of rictus. No teeth enlarged.

Height of first dorsal fin less than postrostral length of head. Outer pelvic ray slightly prolonged.

Other fins without produced rays. Second dorsal fin poorly developed over most of length, the

interspace between first and second dorsal fins more than (1.2-1.7 times) length base of first dorsal

fin.

Body scales (Fig. 8f) covered with slightly divergent rows of slender spinules that are sharp and

narrow distally, but larger spinules often have bases broadened longitudinally in line with spinule

row. Spinule rows on larger body scales number about 5—8 in specimens less than about 70 mm HL
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Figure 1 1. Caelohnchus goohala n.sp. (a and a') An adult paratype (ZMMGU uncat.. 291 mm TL) from the Timor Sea.

NT, in 445-520 m. (b and b') A juvenile paratype (AMS 1.12808-42. 183+ mm TL) from the North West Shelf. WA, in

420 m. Fins and scales in figure a partially reconstructed. Scale bar represents 25 mm.

and about 8-1 1 in specimens larger than about 70 mm HL. Supraoccipital scute weakly developed.

A slightly thickened, elongated scale at posterior end of occipital region above origin of lateral line.

Light organ short, slightly longer than posterior nostril, poorly defined and immediately preced-

ing anus, which is slightly removed by 2 or 3 scales from anal fin origin.

Color in alcohol light brownish; underside of head mostly creamish, extending onto gill

membranes; a light dusting of fine spots at tip of snout; mouth, lips and gums cream colored; inner

wall of gill chamber light grayish, outer walls pale. Abdomen darker, somewhat violet tinged, the

darker color extending posteriorly and ventrally onto tail. First dorsal fin dusky but tipped with black,

the blackish color more extensive in some smaller specimens, base usually pale; pectorals overall

dusky but with upper edge dark and base pale; pelvics creamy white with faint speckling in some
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specimens, darker in others; anal fin creamy anteriorly but darker posteriorly along middle of fin, and

paler near end.

Size.— To about 35 cm TL.

Distribution.— Kjiown from offnorthern Australia in the Timor Sea and the North West Shelf,

in 300-582 m.

Etymology.— From the Australian Bardi language goobala, meaning star, in reference to the

spinules on scales of the median nasal ridge, which are, as in C. asteroides, arranged in rows radiating

from a central point; to be used as a noun in apposition.

Comparisons and Remarks.— Caelorinchus goobala is closely similar to C. asteroides

Okamura, 1970 and agrees rather well with the descriptions of that species provided by Okamura

(1970) and Yatou (in Okamura and Kitajima 1984). Two paratypes of C. asteroides (FAKU 21513,

19115) were kindly loaned to us by Dr. Okamura for our comparisons. Some distinctive squamation

features differentiate the two species, most notably the spinulation of body scales. In C asteroides

the spinules are wide-bladed, keellike structures, recumbent and overlapping onto one another, and

forming sharp, narrow ridges, which are aligned in slightly divergent rows (see Okamura 1970,

text-fig. 82 A., A'). In C. goobala the spinules are slender, conical, individually separated from each

other and narrowly based in a transverse plane (but large spinules on or near midline of scales have

longitudinally broadened bases), and in rather widely divergent rows. Furthermore, Okamura

(1970:192) gave the ratio of the interspace between the dorsal fins and the length of the first dorsal

base as between 1 .6 and 2.2; in the new species the ratio is 1 .2-1 .6. The pyloric caeca counts in seven

specimens were somewhat lower (30, 3 1, 36, 39, 41, 42, and 44) compared with the 40-50 given by

Okamura (48 in two paratypes we examined). Okamura ( 1 970: 1 92) described the "lining of branchial

[sic, probably meaning buccal] cavity greyish, that of branchial cavity blackish brown . . .
." In our

specimens, the buccal cavity is pale, the branchial cavity somewhat dusky but paler along outer

margins.

According to Okamura ( 1 970: 192), C. asteroides is most closely related to C. radcliffei Gilbert

and Hubbs, 1920. The wide difference in the relative snout lengths ofyoung and adults of that species

(as discussed by Gilbert and Hubbs 1920: 499) compares with that seen in C goobala. In this regard,

we found that in our specimens, the snout of small specimens is proportionally elongated compared

with that of large adults. This distorts the values of the proportional measurements given above

because of our use of the head length for comparisons. Our largest specimen of 94 mm HL had head

proportions that were generally greater than those of smaller specimens, and body and fin proportions

that were shorter. Caelorinchus radcliffei differs from C. goobala chiefly in lacking a prolonged

subopercular flap, having darkly pigmented branchial and buccal linings, and having coarser,

bladelike scale spinules that broadly overlap each other.

Caelorinchus innotabilis McCulloch, 1907

Fig. 12

Coelorhynchus innotabilis McCulloch, 1907:348, 349, pi. 63, figs. 2, 2a (e. of Sydney; 1,463 m).

Caelorinchus innotabilis: Last et al., 1983:241, fig. 21.14 (TAS, VIC, NSW). Gomon et al., 1994:352, fig. 312

(NSW to SA). Williams et al. 1996: 148 (WA distr.).

Diagnosis.— Snout long, sharply pointed, anterolateral margin completely supported by bone.

Bony ridges of head generally narrow; bony scales of ridges with short, stout, posteriorly directed

spines. Light organ small, indistinct, closer to pelvic fin bases than to anal fin origin. Underside of

head mostly naked; scales moderately deciduous; scale pockets outlined by dark margins. Dark

coloration of trunk restricted to an area ventral to pectoral fin bases and extending from isthmus to

just beyond anal fin origin.
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10 cm
FicuRE 12. Caelorwclnis imwtabilis McCulloch. CSIRO H3007-10, from south of Albany, WA (35°26'S. 1 17°25'E). in

843 m.

Specimens Examined.— WA: CSIRO H3007-10 (4, 60.7-63.3 mm HL, 242-270 mm TL);

35°26'S, 1 1 7°25'E; 843 m; Akehono Mam No. 3, sta. 7; coll. A. Williams; 22.XII. 1 989.

Counts and Measurements (based on 4 spec).— Total GR-I (inner) 6-7, GR-II (outer/inner)

7-8/5-7; scales ID. 7.5, midbase ID. 6.5, 2D. 6.5-8.5.

Total length 242-270 mm; HL 60.7-63.3 mm. The following in percent of HL:postrostral 57-59;

snout 41-44; preoral 39-42; intemasal 20-22; interorb. 19-20; orb. 29-30; suborb. 13-14; postorb.

28-29; orb.-preop. 27-29; up.jaw 21; barbel 7-10; pre-A. 145-155; pre-vent 13^142; V.-A. 47-57;

isth.-A. 60-72; body depth 40-46; depth at A. 33-4
1 ; 1 D.-2D. 1 3-1 4; ht. 1 D. 43^9; len. P. 3^A 1

;

len. V. 34—39; post, nostril 9-10; rictus len. 9.

Description.— Snout 2.3—2.6 in HL, a well-developed, elongate, sharp scute at tip. Dorsal

profile of snout shallowly concave. Mouth small, inferior.

Teeth small, in broad bands in both jaws.

Underside of head naked except for few scattered cycloid scales posterior to rictus. Body scales

semi-deciduous, mostly missing in our specimens; scale pockets conspicuous.

Light organ small, oval, indistinct, connected to periproct region by faint median extension.

Body color pinkish brown; region from isthmus to pelvic fin bases intensely blue. Dorsal,

pectoral, and anal fins dusky; pelvic fins dark; mouth and gill cavities black.

Size.— To at least 32 cm TL.

Distribution.— Southern Australia and New Zealand, "common inclusion in trawl catches

from depths between 600 and 1000 metres" (Last et al. 1983:241 ).

Comparisons and Remarks.— In Western Australia, C. innotabilis was taken only south of

30°S. In southern Australian waters it most closely resembles C. kaiyomani Arai and Iwamoto, 1979.

The two species may be readily separated in the field by the distribution of the dark bluish black

abdominal tissue, which extends dorsally encircling the entire trunk in C kaiyomani, but only to the

level of the pectoral fins in C. innotabilis.

Caelorinchus lasti new species

Fig. 13, 14

Caelorinchus sp. G: Williams et al., 1996:149 (WA distr.).

Diagnosis.— Snout moderately pointed, 1.4—1.6 times orbit diameter; anterolateral margin

incompletely supported by bone; upper jaw slightly less than 1/3 HL; orbit 1.5—1.8 into postorbital

length; subopercle produced into slender point ventrally, the tip protruding slightly beyond angle of

preopercle. Color overall dark chocolate brown. Nasal fossa with small scales on anteroventral comer

but otherwise naked. Spinules on body scales below dorsal interspace imbricate, broadly trihedral,

with wide lateral buttresses, in 3-5 saw-toothed, divergent rows. Anus immediately anterior to anal

fin; no external sign of light organ.
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Specimens Examined.— WA: Holotype: CSIRO H26 1 5-02 ( 1 63 mm HL, 620+ mm TL); w.

of Mandurah; 1,140 m; SSl/91/83. TAS: Paratype: CSIRO H1925-01 (142 HL, 455+ TL); w. of

Temma;41°15'S, 143°58'E; 959-1,021 m; Petuna Endeavour; 18.11.1989.

Counts and Measurements.— ID. 11,8; P. il7; GR-I (inner) 2+6, GR-II (outer/inner)

0+6/2+6; scales ID. 6-7, midbase ID. 4.5-5.5, 2D. 5.5-6.0, lat.line 32-34. The following in mm,
percent of HL in parentheses, holotype listed first: snout 52, 60 (37, 38); preoral 42, 52 (30, 32);

internasal 28, 30 (20, 18); interorb. 40, 40 (28, 25); orb. 38, 38 (26, 32); suborb. 21, 24 (14, 15);

postorb. 58, 67 (41, 41); orb.-preop. 60, 69 (42, 42); up.jaw 46, 52 (32, 32); barbel 14, 15 (10, 9); gill

slit 20, 23 (14, 14); pre-A. 210, 247 (148, 152); body depth 89, 102 (63, 63); 1D.-2D. 31, 35 (22, 21);

ht. ID. 70, 59 (43, 42); ID. base 24, 28 (17, 17); len. P. 64, 54 (39, 38); len. V. 61, 48 (37, 34); post,

nostril 12, 11 (9,7).

Description.— See Figure 13 for general shape and proportions. Head large, more than 3.5

into TL; greatest width about equal to or more than postorbital length of head. Mouth moderately

large, rictus extends to midorbit, posterior edge of maxillary to below hind edge of orbit in holotype,

to below hind edge of pupil in paratype. Barbel short, less than 1/2 orbit diameter, thin, hairfme

distally. Body relatively deep, greatest depth below origin of first dorsal about equal to postrostral

length of head. Free neuromasts on head numerous, black (but not particularly noticeable because of

dark ground color).

Teeth in moderately broad bands in both jaws, about 3—6 teeth across widest part of premaxilla,

3-^ teeth wide across widest part of dentary; premaxillary band extending about 2/3 length of rictus,

mandibular band to end of rictus.

Paired fins relatively short, none extending to vertical of anal fin origin; outer pelvic ray slightly

prolonged but falling short of anus. Longest ray of first dorsal fin about equal to postorbital length of

head; second dorsal fin poorly developed except near terminal end. Anal fin well developed to end

of tail.

Scales (Fig. 14d) large, spinules on trunk scales in 3—5 divergent rows, the middle row slightly

to notably higher than lateral rows; 6—7 broadly trihedral spinules per row, the erect spinules

overlapping but free along most of their distal mesial edges; spinule rows complete in all trunk scales

of paratype, but in holotype, many scales with only 3 rows complete and 1 or 2 small spinules at

anterior edge of field in other rows. Scales on tail with more variable number of rows, the rows more

parallel and often incomplete to edge, and middle row usually notably higher. Most of scale spinules

on underside of head stoutly bladelike, aligned m high, narrow, crestlike or ridgelike rows, usually

1—2 rows per scale. Large broad scales of median nasal ridge row with short spinules in radiating

rows, posterior rows longest; in scales running mesial to supranarial ridges, spinule rows aligned to

some degree in wavy lines or striations. Occipital and cheek scales with widely divergent, sharp,

spinule rows. Scales atop head between ridges with 1—3 widely divergent spinule rows, the middle

row usually much longer than lateral rows.

Overall color dark brown; spinules on scales black; mouth, barbel, gill membranes, gill arches

and rakers dark brownish to blackish; lips, jaws blackish; gums pale in holotype, blackish in paratype;

all fins black.

Size.— To at least 62 cm TL.

Distribution.— Known only from the holotype taken at about 33°S off WA, in 1 , 1 40 m, and

the single paratype taken at about 43°S off the west coast of TAS.

Etymology.— Named after Peter Last of CSIRO in tribute to his contributions to Australian

ichthyology.

Comparisons and Remarks.— Caelorinchus lasti is distinctive among Iwamoto's (1990)

Group I species o^ Caelorinchus that are characterized by having underside of head scaled and snout

length less than twice orbit diameter (about 1.4-1.6 times orbit). It differs from other species of the

group in having the combination of incomplete support of anterolateral margins of snout, a dark
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chocolate brown color, nasal fossa naked or only sparsely scaled anteroventrally, divergent rows of

spinules on scales of trunk and top of head, middle row of spinules on trunk scales higher than lateral

rows with rows complete to edge of scale in most trunk scales, and moderate-sized mouth (almost

one-third HL).

Of the Western Australian species, C. lasti appears most similar to C mycterismus, with which

it has been confused, but it can be distinguished by its darker color, shorter snout (37-38% HL cf.

45-51%), longer upper jaw (32% HL cf 15-26%), usually fewer scales on nasal fossa, and fewer,

more divergent and complete spinule rows on scales of trunk and tail. It can be distinguished from C.

acanthiger by the complete spinule rows on most scales of trunk (in C acanthiger all body scales

with some rows incomplete, not reaching posterior edge of scale), and the very dark color of the head

and body.

Caelorinchus macrorhynchus Smith and Radcliffe, 1912

Fig. 15

Coelorhynchus macrorhynchus Smith and Radcliffe, 1912:127. 128, pi. 29, fig. 1 (holotype USNM 72944, 56

cm long, Verde I. Passage, Luzon, Philippines; 1 80 fm [329 m]; Albatross sta. 5367; 9 paratypes. Philippines

and Indonesia, 432-759 m). Gilbert and Hubbs 1920:51 1, 512 (data on 5 paratypes).

Caelorinchus sp. D: Williams et al., 1996:148 (WA distr.).

Diagnosis.— Snout about 2 times into HL, anterolateral margins completely supported by bone,

orbit diameter 4—5 into HL; upper jaw 4—5 into HL, extends posteriorly to below hind 1/4 of orbit,

rictus to below midorbit; barbel small, less than half orbit diameter. Light organ very short, less than

greatest diameter of posterior nostril, externally a black streak extending forward from anus about

midway to pelvic bases. Nasal fossa covered with small scales except immediately anterior to nostrils;

underside of head uniformly scaled except for narrow margin above upperjaws; body scales with 5—8

divergent rows of broad-based, overlapping spinules; scales on top and underside of snout with few,

relatively broad-bladed, adnate spinules in one or few serrated, crestlike rows. Overall body color

swarthy to black; fins, mouth, and gill cavities blackish.

Figure 15. Caelorinchus macrorhynchus Smith and Radcliffe. AMS 1.29600-0 1 (395+ mm TL) from off Sydney, NSW.
in 785-975 m. Fins and scales partially reconstructed. Scale bar represents 25 mm.



146 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES
Volume 51, No. 3

Specimens Examined (9 spec).— WA: CSIRO H2549-04 (112.5 mm HL, 365+ mm TL); w.

ofNW Cape; 650 m; SSl/91/10. AMS 1.228 10-041 ( 1 12 HL, 382 TL); NW Shelf; 736 m; S02/82/22-

24. QLD: AMS 1.20967-016 (138 HL, 407+ TL); e. of Hinchinbrook I.; 17°56'S, 147°14'E; 878 m;

27.n.l979. NSW: AMS 1.29738-01 (85.5 HL, 280 TL); e. of Harrington; 485-925 m; K87-24-05.

AMS L29825-01 (98.7 HL, 298 TL); off Terrigal; 741-768 m; K89-09-09. AMS 1.24625-005 (440+

TL); off Broken Bay; 1,107 m; K84-06-06. AMS L2 1722-07 (440+ TL); off Broken Bay; 822 m.

AMS L29600-01 (127 HL, 395+ TL); off Sydney; 785-975 m; K87-24-01. AMS 1.27609-01 (55.6

HL, 162 TL); off Shoalhaven; K87-23-02.

Counts AND Measurements.— ID. 11,8-9; P. il6-il9; GR-I (inner) (1-2 )+(6-8) 8-10 total,

total GR-II (outer/inner) 6-8/9-10; scales ID. 6-8, midbase ID. 3.5-5.5 (usually 4.5), 2D. 5.5-6.5,

lat.line 38-55.

Total length 162^40+ mm; HL 55.6-138 mm. The following in percent of HL: snout 47-54;

preoral 39—52; intemasal 15—17; interorb. 17-20; orb. 21—25; suborb. 9-12; postorb. 24—31; orb.-

preop. 26-34; up.jaw 20-25; barbel 6-9; gill slit 9-13; pre-A. 131-143; V.-A. 24-36; isth.-A. 46-64;

body depth 33-48; 1D.-2D. 1^21; ht. ID. 33-37; len. P. 29-33; len. V. 23-31; post, nostril 6-7.

Description.— General features offish seen in Figure 15. Snout long, forming in lateral view

a slender pointed cone with shallow dorsal concavity, somewhat broader cone in dorsal view with

gently convex sides; diamond-shaped scute at tip. Orbit broadly oblate, 2.0-2.3 into snout. Suborbital

ridge stoutly developed along entire length, strongly spinulated along preopercular section. Preopercle

forming lobelike extension posteriorly; subopercle posteroventrally angular, but not forming long

slender flap. Chin barbel small and slender, length much shorter than least width of suborbital.

Premaxillary teeth in broad band extending almost 2/3 length of rictus; no enlarged teeth present.

Mandibular teeth in long narrow band, scarcely more than 3 or 4 teeth wide anteriorly, narrowing to

single row posteriorly; teeth extending to or beyond end of rictus.

Fins lacking any notably produced rays. First dorsal fm low, much less than postrostral length

of head; second dorsal fm low and inconspicuous over most of length, but somewhat higher along

posterior half Outer pelvic ray slightly longer than mesial 6 rays.

Body scales (Fig. 14a) covered with ridgelike rows of broad, butressed spinules, each spinule at

a 45—60- angle from horizontal and closely adpressed to one another to form a saw-toothed ridge;

every row complete to margin of scale. Scales cover entire underside of head except narrow margins

above jaws, along ventral border ofpreopercle, and along lowerjaw rami. Head scales highly variable

in size and extent of spinulation; those over occipital, opercle, and along posterior margin of

preopercle large, with many widely divergent spinule rows; most other head scales, aside from those

on ridges, small, with few spinule rows. Scales atop snout between ridges small, essentially nonim-

bricate, each with one or few short rows of broad-bladed spinules forming high, serrated crest.

Anus immediately anterior to anal fm origin.

Gums, gill arches, and rakers dark or blackish, peritoneum black. Most spinules of head and body

scales black.

Size.— To more than 44 cm TL.

Distribution.— Known from the Philippines and Australia, including WA, NSW, and QLD;
depth range in Australia 485—1,107 m.

Comparisons and Remarks.— Caelohnchus macrorhynchus was originally described from

nine specimens taken in the Philippines in 329-750 m. Our Australian specimens agreed in most

details with the holotype (USNM 72944), but differed slightly in having a longer preoral (39-52%

HL cf 37%), wider intemasal (15-16% HL cf 14%), larger orbit (21-25% HL cf 19%), shorter

postorbital (24^3 1% HL cf 34%), shorter upperjaw (20-25% HL cf 29%), and shorter barbel (6-9%

HL cf. 1 1%). Furthermore, the snout-to-orbit ratios in the Australian specimens ranged 2.04—2.33, as

compared with 2.47 in the holotype ofC macrorhynchus and 2.2-2.3 in five smaller paratypes (data
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from Gilbert and Hubbs 1920:512). The substantially larger size of the holotype (179 mm HL)

probably accounts for these proportional differences.

Caelorinchus smithi is similar to C. macrorhynchus, but there are numerous differences in

proportions, including a shorter snout, larger orbit, and broader interorbital and internasal widths.

The dark, swarthy, overall color of C. macrorhynchus, the scaled nasal fossa, the 5—8 divergent

rows of narrow-based spinules that are complete to the posterior margin of the scales, and the

distinctive spinulation on the dorsal and ventral snout surfaces are diagnostic for this species among

Iwamoto's (1990) Group I Caelorinchus, all of which have a long, fully scaled snout, two or more

times orbit diameter, and a completely-supported, anterolateral snout margin.

Coelorhynchus macrorhynchus Weber, 1913 is a homonym, but Gilbert and Hubbs (1920:516)

questionably identified Weber's species as representing their new species C. spinifer.

Caelorinchus maculatus Gilbert and Hubbs, 1920

Fig. 16

Coelorhynchus maculatus Gilbert and Hubbs, 1920:446-452, fig. 9 (Moluccas between Gillolo and Makyan Is.,

545 m; I Oparatypes from Moluccas and s. Luzon; 491-545 m). Arai in GIoerfelt-Tarp and Kailola 1984:83.

fig.

Diagnosis.— Snout relatively short, acutely pointed in lateral view, broadly convex sides in

dorsal view, a small terminal scute; anterolateral margin completely supported by bone; orbits less

than snout length and postorbital length of head in specimens larger than about 1 70 mm, more than

in smaller specimens; mouth small, rictus extends to below midorbit, upper jaw to below hind

one-third of orbit; subopercle forms a short protruding tip. Ventral light organ (externally seen as a

black streak) extends forward from periproct to line connecting bases of outer pelvic fms or slightly

beyond, the slightly expanded anterior end forms shallow scale-covered fossa; anus removed from

anal fin origin by several scale rows. Underside of head completely naked; broad, naked translucent

areas dorsally behind leading edges of snout; nasal fossa naked; body scales (Fig. 8g) large, thin,

rather deciduous, exposed surfaces covered with small, sharp spinules aligned in 3-6 ridgelike rows,

scale pockets on dorsal surfaces darkly marked along edges; scales of head ridges relatively weak and

moderately spinulated (relatively coarser in juveniles). Ventral aspects of chest and abdomen dark,

bluish black, but sides silvery to whitish; a small to moderately large, vertically elongated dark blotch

above and immediately behind base of pectoral fin; numerous faint saddle marks posteriorly; most

fins light dusky, but elongated spinous dorsal ray blackish, and pelvic fin dusky to blackish with outer

ray paler; median nasal process dark. Anterior rays of second dorsal fin relatively well developed,

length of rays 3^ into orbit diameter.

Specimens Examined.— WA: CSIRO HI 70 1-02 (63.4 HL, 210+ TL), HI 70 1-06 (62.6 HL,

248+ TL), and HI 70 1-07(69.6 HL, 260+ TL); Rowley Shoals area; 16°59'S, 120°10'E; 411 m;

Striker, coll. S. Morris; 3.IV.1989. NTM S. 12727-0 15 (52.2 HL, 215+ TL); sw. of Rowley Shoals;

17°52'S, 118°28'E; 410 m; coll. D. Evans; 9.IL1990. NTM S.12606-002 (36.1 HL, 125+ TL); off

Rowley Shoals; 1 8°00'S, 1 1
8°

1 6'E; 430 m; coll. W. Houston (WH85-28); 6.XL 1 985. NTM S. 1 2609-

001 (33.6 HL, 132+ TL); off Rowley Shoals; 17°39'S, 1 18°40'E; 420 m; coll. W. Houston (WH85-

31). NTM S.12716-007 (56.1 HL, 247+ TL); nw. of Montebello L; 20°15'S, 1 14°50'E; 500-600 m;

coll. D.Evans; 22.n.l990.

Counts and Measurements (6 WA spec).— ID. 11,8-9; P. il4-il6; total GR-I (inner) 7-8,

GR-II (outer/inner) 5-6/7-8; scales ID. 6-7, midbase ID. 3.5-4.5, lat.line 26-32.

Total length 125+-260+ mm; HL 33.6-69.6 mm. The following in percent of HL: snout 37^3;

preoral 28-35; internasal 19-22; interorb. 21-25; orb. 28—29; suborb. 13-16; postorb. 30-37;

orb.-preop. 35--*3 ; up.jaw 26-30; barbel 6-1 2; gill slit 13-14; pre-A. 1 34-1 6 1 ; V.-A. 29-5 1 ; isth.-A.
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57-80; body depth 47-62; ID. -2D. 19-31; ht. ID. 60-71; len. P. 43-56; len. V. 39-50; post, nostril

9-12.

Size.— To more than 26 cm TL.

Distribution.— From southern Luzon (Philippines) in the South China Sea, to the Moluccas,

and off northwestern Australia, in 390-600 m.

Comparisons and Remarks.— Our six specimens from Western Australia agree well with

Gilbert and Hubbs's (1920) original description ofC maculatus. The overall whitish color of larger

individuals is notable, particularly on the underside where the immaculate underside ofhead contrasts

sharply with the dark bluish purple to black of the chest and abdomen. The sides of the trunk are

generally whitish, with the dark color of the ventral surfaces not intruding onto these surfaces. These

color features appear to distinguish the species from other related species (see Gilbert and Hubbs

1920). The relatively long, spinous dorsal fin ray (about two-thirds head length in our specimens) is

somewhat shorter than that of other species in this group, where most have dorsal fin heights equal

to or greater than the head length. The anterior dermal window extends farther forward in our

specimens (to beyond the origin of the pelvic fins) than occurs in other species of the group, which

may cause confusion when using the key to species of Caelorinchus in Iwamoto's (1990) FAO
Catalogue. The species is normally assigned to Iwamoto's Group II based on the position ofthe dermal

window at or behind the pelvic bases.

Caelorinchus matamua (McCann and McKnight, 1980)

Fig. 17

Mahia matamua McCann and McKnight, 1980:53-56 (New Zealand).

Caelorinchus matamua: Sazonov and Shcherbachev, 1 982a:42^7, figs. 1 , 2 (se. Atlantic, s. Indian Ocean). Last

etal. 1983:241-242, fig. 21.15 (Tasmania).

Caelorinchus matamua: Williams et al., 1996: 148 (WA distr.).

Diagnosis.— Snout short, blunt, anterolateral margin incompletely supported by bone; mouth

large, upper jaw usually longer than snout; orbit diameter equal to or longer than snout length. Light

organ small, indistinct. Underside of head including gular membranes scaled. Trunk completely

encircled by prominent dark broad band; anterior one-third to one-half of anal fin black, becoming

abruptly pale posteriorly.

Specimens Examined.— WA: CSIRO H3008-09 (93.5 mm HL, 380+ mm TL); sw of Albany;

35°25'S, 1 17°2rE; 842 m; Akebono Maru No. 3, shot 8; coll. A. Williams; 22.X1I.1989.

Counts AND Measurements (based on 1 spec).— ID. 11,9; P.I 16; GR-I (inner) 12 total, GR-II

(outer/inner) 12 total/ 12 total; scales ID. 10.0-10.5, midbase ID. 9.5-10.5.

Total length 380+ mm; HL 93.5 mm. The following in percent of HL: postrostral 73; snout 30;

preoral 21; intemasal 24; interorb. 25; orb. 37; suborb. 16; postorb. 37; orb.-preop. 44; up.jaw 29;

barbel 16; outer gill slit 22; pre-A. 143; pre-vent 140; V-A. 47; isth.-A. 74; body depth 76; depth at

A. 61; 1D.-2D. 33; ht. ID. 66; len. P. 58; len. V. 51; post, nostril 7; rictus len. 33.

Description.— Head large, snout about 2.9-3.3 in HL, with well-developed terminal scute;

dorsal profile gently rounded. Orbit very large, 34-37% HL, usually longer than snout. Subopercle

forming narrow, tablike flap at ventral end.

Teeth small, forming long tapered bands in both jaws, premaxilla bearing outer row of enlarged,

widely spaced teeth.

Dorsal fins well separated, second spinous ray of first dorsal fin not prolonged, its height about

50% HL; pectoral fin long, reaching to about 10th anal fin ray; anal fin well developed.

Scales of head mostly adherent; scales often missing on body. Suborbital ridge well developed;

large, ornate, spinulated scales of lower margin forming thorny ridges. Head ridges well defined,
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Figure 1 6. Caelorindms maculatiis Gilbert and Hubbs. CSIRO H 1 701-02 (2 1 0+ mm TL) from Western Australia. Fins and

scales partially reconstructed, (a) lateral view; (b) dorsal view of head; (c) ventral view of abdomen to show extent of light

organ and dark pigmentation. Scale bar represents 25 mm.

Figure 17. Caelohnchus matamua McCann and McKnight. CSIRO H3008-09, from south of Albany. WA (35°25'S,

l7°2rE), in 842 m. Scale bar represents 10 cm.



150 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES
Volume 51, No. 3

scales enlarged but mostly lacking we 11-developed spinules; scales of anterior dorsal midline of head

largest, with rows of low ridges radiating from centers; scales in adjacent rows also large, but with

ridges forming a scalloped pattern.

Body color brown to grayish pink; head brown; distinct dark band around entire midsection of

body, dark blue over abdomen to level of at least 12th anal fin ray and to level of pectoral fin base,

less intense dorsally. All fins and branchiostegal membranes dark to black. Buccal cavity pale, lips

distinctly black.

Size.— To at least 65 cm TL.

Distribution.— Southern Australia, southern Africa, and New Zealand, in depths of 450-

1085 m.

Comparisons and Remarks.— A distinctive species of Caelorinchus easily recognized in the

field by its bulky body shape, darker pigmentation ofthe anterior part ofthe anal fin, dark trunk region,

and the pockets of missing scales over the opercular region, which are reflective and clearly defined.

A rare species off the Australian west coast but common in other parts of its range. Nakamura's

(1986:132, 133) record from Chilean waters is apparently in error, as the specimen illustrated is not

a member of this species.

Caelorinchus maurofasciatus McMillan and Paulin, 1993

Fig. 18

Caelorinchus maurofasciatus McMillan and Paulin, 1 993:826, 827, fig. 5 (holotype NMNZ P.23003; Challenger

Plateau offNew Zealand; 846-875 m; also n. and cent. NZ, 330-928 m; NSW, TAS. to GAB). Williams et

al. 1996:148 (distr.)

Caelorinchus sp. 1: McMillan in Gomon et al., 1996:347, fig. 307 ("false banded whiptaif; descr.; NSW to

GAB, TAS, and New Zealand, 400-800 m).

Diagnosis.— Snout short, with broadly convex sides in dorsal view; terminal scute small,

broad, blunt; anterolateral margins incompletely supported by bone; orbits longer than snout length

and postorbital length of head; mouth small, maxillary extends to below about midorbit; subopercle

weakly produced ventrally into a short flap. Lens-shaped naked fossa of light organ developed anterior

to anus, about midway between anal and pelvic fins; anus immediately adjacent to origin of anal fin.

Underside of head completely naked; nasal fossa usually partially scaled; no broad naked areas

dorsally behind leading edge of snout; body scales covered with short, small spinules aligned in many

(to 1 1 or more depending on size of fish) parallel to slightly divergent rows; weak median-dorsal

ridge on nape from supraoccipital scute to origin of first dorsal, formed by modified scales with

somewhat higher and stouter median spinule rows. About 9—1 1 prominent saddle bands on body, the

third and fifth usually darker than others, the first beginning at about supraoccipital scute and

terminating below spinous rays of first dorsal fin, pale interspaces between bands angled posteroven-

trally from dorsal median line; first dorsal fin blackish distally but pale near base; anal fin often with

a dark distal stripe extending length of fin; oral and branchial cavities dark.

Specimens Examined.— WA: AMS L3 1 1 7 1 -009 (45.3-5 1 .6 HL, 1 97+2 1 TL); offShark Bay;

500-508 m; SSl/91/37. NMV A9606 (6, 36.9-57.6 HL, 160-260 TL); 90 km sw. of Geraldton;

490-505 m; SSl/91/57. NMV A9660 (6, 38.9-63.3 HL, 168-282 TL); 50 km w. of Green Head;

480-490 m; SS 1 /9 1 /65. CSIRO H2604-09 (2, 2 1 5-230 mm TL); sw. ofLedge Pt.; 5 1 2 m; SS 1 /9 1 /70.

NMV A9639 (5, 49.0-53.3 HL, 2 1 0-225 TL); 50 km w. of Rottnest L; 640-670 m; SS 1/91/72. NSW:
AMS 1.24854-003 (33.8 mm HL, 150 mm TL); Jervis Bay off Wattamolla; 505 m; K84-14-01 . AMS
1.23470-006 (5, 33.1-65.4 HL, 110-290 TL); off Sydney; 765 m; K83- 17-01. NMV A2460 (32.2

HL, 147 TL); e. of Sydney; 33°04'S, 151°49'E; 421^94 m. TAS: NMV A2460 (46.6 HL, 197 TL);

70 km w. of Richardson; 41°13.4'S, 144°02.8'E; 528^00 m. NMV A4604 (58.6 HL, 252 TL); 21
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kme. ofMariaI.;42°41.7'S, 148°24.7'E; 428 m; F/?F5oe/a. NMV A3831 (39.0 HL, 183 TL); 95

km ne. of Flinders I.; 39°02.9'S, 148°40.5'E; 636-660 m. NMV A8822 (69.7 HL, 302 TL); 80 km

ne. of Flinders L; 39°28.5'S, 148°18.4'E; 430 m. CSIRO T1261 (4, 68.2-85.0 HL, 285+-320 TL);

South Tasman Rise; Kaiyo Maru; 22.XII.1975. VIC: NMV A768 (3, 69.8-83.5 HL, 285-310 TL);

off Portland; 38°50'S, 141°46'E; 549 m; Halycon; field no. MFG-7; 6.II.1980. NMV A8836 (60.0

HL, 267 TL); Tasman Sea, 40 km ese. of Gabo L; 37°44.rS, 150°16.7'E; 650 m; 3.VII.1984. AMS
L1871 1-006 (2, 53.1-53.3 HL, 204+-206+ TL); "off southern Australia"; Dmit/y Mendeleev;

28.11.1976.

Counts and Measurements.— 1 D. n,9-l 0; P. (i 1 6) i 1 7-i20; GR-I (inner) ( l-2)+(6-7), 7-9

total, GR-II (outer/inner) 0+(6-7)/( l-2)+(6-7); scales 1 D. 4.5-6.0, midbase 1 D. 3.5^.5, 2D. 4.0-4.5

(5.5), lat.line 22-31; caeca 18-34.

Total length 1 10-320 mm; HL 32.0-83.5 mm. The following in percent of HL: snout 30-35;

preoral 28-34; intemasal 21-25; interorb. 18-23; orb. 37-46; suborb. 15-17(18); postorb. 28-33;

orb.-preop. 29-35; up.jaw 25-30; barbel 9-14 (16); gill slit 12-16; pre-A. 136-164; V.-A. 34-49;

isth.-A. 62-84; body depth 59-73; 1D.-2D. (13) 15-25; ht. ID. 57-80; len. P. 45-61; len. V. 48-59

(63); nostril 6-9; len. dermal window of light organ 6-13.

Size.— To at least 50 cm TL.

Distribution.— From Shark Bay, WA, around Cape Leeuwin to VIC, TAS, and north to off

Sydney, NSW. Also off northern and central coasts ofNew Zealand. Depth range 330-930 m.

Comparisons and Remarks.— Caelorinchus maurofasciatus is strikingly similar to C. fas-

ciatus (Gunther, 1878) and was confused with that species before McMillan and Paulin (1993)

distinguished the two. They noted that the banding pattern is the same in the two species, but in C.

fasciatus the scales on the midline of the nape have a higher, stouter central spinule row, especially

the two or three nearest the dorsal fin; the body scales are generally more deciduous; the anal fin lacks

a distinct dark stripe (more uniformly dusky to black); the first dorsal fin lacks the pale proximal

portion that contrasts sharply with the blackish distal portion; and the pyloric caeca are generally

fewer. Our specimens showed considerable variation in the extent of dark pigmentation on the first

dorsal and anal fins; usually, we could not rely on those features alone to confidently identify our

material but had to couple them with other characters. The more-deciduous nature of body scales in

C. fasciatus was a useful clue, as representatives ofthat species in our collections were mostly denuded

of scales. Caelorinchus fasciatus has a more southerly distribution than C. maurofasciatus; off New
Zealand the latter species is abundant in northern waters, less so in central waters, and absent in

southern waters. Caelorinchus par\'ifasciatus and C. amydrozosterus are readily distinguished from

C maurofasciatus by their fainter bands (which are oriented differently), usually paler body and fin

pigmentation, and broad naked areas on dorsal snout surfaces behind the leading edges.

Caelorinchus mayiae new species

Fig. 19b

Diagnosis.— Snout 40-46% of HL, with a slight humplike rise in dorsal profile over nostril;

anterolateral margins not fully supported by bone; scales anterolaterally overlap onto ventral surfaces;

orbit diameter 22-25% of HL; upper jaw about 1/3 of HL, extends posteriorly to below hind margin

of orbit; barbel 1 1-16% of HL; subopercle without a slender projection. Light organ extends from

anus forward to just behind isthmus. Underside ofhead completely naked; nasal fossa naked. Spinous

dorsal ray blackish distally; median nasal bone blackish. Body markings prominent in most specimens

(see Description below). Head covering transparent; mouth lining white; lips and most of skin

covering premaxilla blackish; maxilla darkly pigmented; belly and pelvic bases almost entirely

without melanophores; vent and chest region densely pigmented.
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Figure 19. (a) Caelorinchus pardus n.sp. Paratype (NTM S. 12902-027, 232 mm TL) from northeast of Cape Don, NT, in

143 m. (b) Ccielorinclws mayiae n.sp. Holotype, NTM S.13580-00] (170+ mm TL) from Arafura Sea, NT. in 179-205 m.

Fins and scales in (a) and (b) partially reconstructed. Scale bar represent 25 mm.

SPECIMENS EXAMINED.— NT (Arafura Sea): Holotype: NTM S. 13577-001 (53.0 mm HL,

219 mm TL); 9°05.rS, 133°39.7'E; 165-176 m; coll. R. Williams [RW92-66]; 20.X.1992. Par-

ATYPES: NTM S. 13580-001 (2, 53.0-71 HL, 171+-270 mm TL); 9°04.7'S, 133°04.7'E; 179-205 m;

coll. R. Williams [RW92-68]; 20.X.1992. NTM S. 13577-024 (6, 46.6-55.4 HL, 181-225 TL), QM
L3 1 225 (52.7 HL, 1 70+ TL), and CAS 200226 (2, 47-50 HL, 1 84-1 96 TL); same data as for holotype.

Other Specimens (not paratypes): NTM S. 133 13-0 13 (3, 106-167 TL); Arafura Sea; 9°18'S,

133°12'E; 153m;6.XI.1990.

Counts and Measurements (see Table 2-A for additional counts and measurements).— 1 D.

11,8-9; P. il4-il6; total GR-I (inner) 8-10, GR-II (outer/inner) 6-8/8-10; scales ID. 6-8, midbase

ID. 3.5-4.5 (5.5), 2D. 4.5-5.5, lat.line 37-42; caeca 10-11.
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Total length 153—275+ mm; HL 46.6-83.1 mm. The following in percent ofHL: suborb. 12—14;

pre-A. 145-159; V.-A. 43-58; isth.-A. 73-91; body depth 45-54; 1D.-2D. 1^27; base ID. 18-23;

ht. ID. 40-53; len. P. 34-45; len. V. 27^0; post, nostril 6-8.

Description.— A complete description ofC mayiae would be redundant in that it is so similar

in most respects to C argentatus and C. pardiis, the latter of which has been described in detail.

Therefore, the following will emphasize only those features that differ between the species.

Body scales of C. mayiae (Fig. 8c) deciduous, most lost in all specimens examined. (This in

contrast to C pardus, where all individuals still retain most of their scales.) Scales dorsally below

origin of first dorsal fin with spinules short, conical, little recurved, usually arranged in 4—6 somewhat

irregularly divergent rows to somewhat quincunx pattern. Posteriormost spinules in each row scarcely

or do not extend beyond edge of scale. Scales on chest with broader, flatter spinules, more triangular

in shape. Scales over snout notably thin, head covering here thin and completely transparent; scales

have few, short, weak spinules, even more reduced than in C. pardus, especially over median nasal

ridge. Most scales between occipital ridges with single median row of erect spinules. Scales atop head

sparse, spinulation thin, reduced (this contrasts with condition in C. pardus and C argentatus, which

have dense covering of short erect spinules in rather random pattern).

Underside of snout with scattered tiny black, usually paired, punctations (neuromasts) similar to

those in C. argentatus and C. kamoharai but less dense; minute, black, hairlike papillae few or

virtually absent over ventral head surfaces.

Body markings already described in part in description of C. argentatus. Markings rather similar

to those of C. pardus, but generally not as spotty. Dorsally on nape and trunk, dark blotches fairly

extensive and continuous. Anterior end of dorsal stripe (below origin of second dorsal fin) forming

clublike or hockey-sticklike head directed anteroventrally and joining faint band that merges with

dark periproct region. Lateral aspects of abdomen heavily punctate, but ventral surfaces almost

completely devoid of pigmentation from periproct region to anterior end of pelvic fin bases, which

are white with scattered black punctations along base of fins. Chest sharply demarcated from pale

belly by dark pigmentation. Pelvic fins dark at base of rays, at tip, and along outer ray, but pale in

middle. First dorsal fin with second spinous ray and membrane following black on distal two-thirds

but completely pale proximally. Segmented rays with faint trace ofbroad darkish band across middle,

but pale proximally. Base of dorsal rays rather prominently marked with black. Anal fin somewhat

blackish on anterior few rays, but otherwise clear to light dusky posteriorly, with no blackened margin.

Lips dark, barbel dusky to pale, maxillary densely pigmented; lowerjaw with prominent dark pigment

bands on inner surface of bones visible through transparent integument. Opercle and most of

subopercle black except pale along posterior margin; branchiostegal membrane dark dusky but pale

along posterior margin; gular membrane finely peppered posteriorly, with melanophores larger and

fewer toward anterior end, and very sparse around chin barbel. Fresh specimens probably silvery over

sides of head, ventral half of trunk, and midlaterally on tail.

Size.— To about 28 cm TL.

Distribution.— Known only from the Arafura Sea, NT, in about 150-200 m.

Etymology.— From the Australian Yindjibarndi language, mayi, meaning younger sister, in

reference to the putative sister-species relationship with C. argentatus.

Comparisons and Remarks.— Caelorinchus mayiae is so similar to C. argentatus that no

meristic or morphometric differences were found. The barbel appeared to be somewhat longer in C.

mayiae, but there is considerable overlap (11-16% HL cf 6-14%). Spinulation of scales (see

Description) nonetheless distinguishes the two species. In C. argentatus the scales of the snout and

head are densely spinulated, in contrast to C. mayiae where they are thin and sparsely spinulated, and

the integument on the snout is not as thin and transparent in C. argentatus as in the new species. The

spinulation on body scales is somewhat denser in C. argentatus, and spinules along the anterior edge

of the scale field often have broadened bases aligned side by side on scales below the lateral line and
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caudally on the dorsum beyond the trunk. Depth distribution shows some separation between the two

species, with C mayiae taken in somewhat shallower depths (150-200 m cf. 260-420 m). In this

respect, C. mayiae and C pardus show more overlap, and the two species have been taken in the same

trawls.

Caelohnchus denticulatus Barnard, 1925 differs from C mayiae in much the same way as the

latter differs from C. argentatus. In addition, the blotched pattern on the body is more broken in the

new species and there is no evidence of bands on the tail that we have noted in specimens of C.

denticulatus smaller than about 50 mm HL. Dentition appears to be slightly larger in C. mayiae, and

the scattered, paired punctations on the underside of the head in C. mayiae are not present in C
denticulatus specimens.

Caeloiinchus mayiae is also close to C. multispinulosus and C pardus, but those species have

notably different pigmentation patterns, as well as a somewhat longer snout, proportionally shorter

upper jaw, postorbital, and orbit-to-preopercle lengths. Other measurements of C. pardus are

compared in Table 4. Caelorinchus pardus also has spinules on body scales in parallel rows.

Differences between C. mayiae and other members of this species complex are discussed in the

description of C. argentatus.

The surprising discovery of this new species, thought originally to be C. argentatus, serves to

illustrate the distinctiveness of the Australian grenadier fauna compared with those from Indonesia

and the Philippines. The small and subtle differences between C mayiae and C. argentatus and

between C. multispinulosus and C pardus, however, suggest a fairly recent divergence between these

species pairs.

Caelorinchus mirus McCulloch, 1926

Fig. 20

Coelorhynchus {Paramacrwus) mirus McCulloch, 1926:178-180, pi. 46 (e. of Sydney off Montague I., NSW,
and e. edge of Bass Strait; 128^02 m).

Garichlhvs mirus: Whitley, 1968:38.

Caelorinchus mirus: Last et al., 1983:242. 243, fig. 21.16 (TAS, VIC, NSW, SA, WA).

Caelorinchus mirus: McMillan in Gomon et al., 1994:354, fig. 314 (descr.; distr. QLD to TAS, GAB). Williams

etal. 1996:148 (distr.).

Diagnosis.— Snout pointed but short, much less than orbit diameter, tipped with a small spiny

scute; anterolateral margin not fully supported by bone; orbit large, more than postorbital length of

head; upper jaw extends to below posterior one-third of orbit, rictus to about below midorbits;

suborbital forming a short, angular flap at posteroventral comer. Black scaleless fossa of ventral light

organ large, extending forward from anus to line connecting origins of pelvic fins; anus removed from

anal fin origin by 1 or 2 scales at the most. Underside of snout and most of suborbital naked, but lower

jaw and underside of preopercle scaled posteriorly; nasal fossa and area immediately behind dorsal

leading edges of snout on both sides naked; body scales with minute spinules closely aligned in

numerous parallel rows (9-20 rows per scale in 37-57 mm HL specimens, larger individuals with

more rows on each scale). Color overall light brownish to grayish dorsally, and whitish ventrally,

with large, prominent, scattered peppering over gill membranes, posteriorly on underside ofsuborbital

and preopercle, and ventral surfaces of abdomen; pelvic fin whitish with prominent black blotch in

middle of fin; pectoral fin with small black spot at ventral comer; anal fin pale anteriorly, blackish

distal margins posteriorly.

Specimens Examined.— WA: ZMMGU uncat. (54.1 HL, 237+ TL); 30°30'S, 114°33.6'E;

320-340 m; Orlik; trawl 33; 8.X.1962. CSIRO C.2011 (1 spec); Great Australian Bight; 1951.

CSIRO T 1 889-0 1 ( 1 spec); Great Australian Bight; III. 1 980 (no other data). NMV A9658 (5, 1 95-285
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Figure 20. Caelohnchus minis McCulloch. (a) Adult specimen (ZMMGU P. 1 7226. 237+ mm TL) from off Perth, WA, in

320-340 m; (a') dorsal view of head to show naked regions behind leading edges of snout; (a") ventral view of abdomen to

show light organ and anus, (b) Juvenile (AMS IB.4360-2, 75 mm TL) from east of Tuggerah Lakes, NSW, in 260 m. Fins and

scales in (a) partially reconstructed. Scale bar represents 25 mm.

TL); 50 km w. of Green Head; 30°00.rS, 1 14°27.8'E; 380 m. NMV A10279 (3, 155-225 TL); 90

km sw. of Geraldton; 29°20.50'S, 1 13°56.80'E; 490-505 m. SA: CSIRO H1676-01 (1 spec); 1980.

CSIRO T1917-01 (1 spec.) and CSIRO T1917-02 (1 spec); Great Australian Bight; 33°2rS,

128°35'E; 322-325 m; Denebola; 18.III.1980. VIC: NMV A3044 (1 spec); Bass Strait, s. of Point

Hicks; 38°14.89'S, 149°06.99'E; 212-240 m. NMV A8839 (6, 1 15-232 TL); Bass Strait, 40 km s.

of Point Hicks; 38°13.5'S, 149°12.8'E; 232 m. TAS: AMS IA.1379 (1 spec), IA.1380 (1 spec); e.

edge of Bass Strait; 39°S, 148°E. CSIRO CA3 191 (1 spec), CSIRO CA3 192 (1 spec), and CSIRO
CA3 1 93 ( 1 spec); Bass Strait, s. ofGabo I.; 276 m; SO 1 /72/1 2. NMV A3676 (290 TL); South Tasman

Rise; 47°32.00'S, 148°16.00'E. NMV A3715 (580 TL); South Tasman Rise 47°29.00'S,

148°29.00'E. NSW: AMS 1.15247 (holotype, 51.4 HL, 230+ TL); off Sydney; Endeavour. AMS
1.15246 (paratypc 57 HL, 273 TL), AMS 1.15037 (paratypc 52.5 HL, 245+ TL), AMS 1.15038

(paratype, 52.3 HL, 240+ TL), AMS 1. 1 5248 (paratype, 37.6 HL, 1 9 1 TL); same data as for holotype.

AMS 1. 1 5037 ( 1 spec), 1. 1 5038 ( 1 spec), 1 1 5246 ( 1 spec), 1. 1 5247 ( 1 spec), 1. 1 5248 ( 1 spec); e. of

Sydney; 33°S, 151°E; 1920. CSIRO CA77 (1 spec); se. Australia; 400 m; 1976. CSIRO CA95 (1
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spec.) and CSIRO CA96 (1 spec); e. of Broken Bay; 33°33'S, 151°57'E; 265-305 m; FRV Coura-

geous; 2. II. 1977. CSIRO CA495 (1 spec.); e. of Wollongong; 34°32'S, 151°I6'E; 198-202 m; FRV

Courageous; 17.X.1978. CSIRO C4799 (1 spec); e. of Wollongong; 34°33'S, 15I°15'E; 160-300

m; FRV Courageous: 8.VI.1976. AMS 1.19205-004 (4, 90-235 TL); e. of Broken Bay; K76-07-01.

AMS 1.26221-002 (3, 230-250 TL); se. of Sugarloaf Point; K85-20-I0. AMS 1.25932-006 (180 TL);

e. of Port Jackson; 1985. AMS IA.407 (1 spec); off Montague I.; 36°S, I50°E. AMS IB.4336 (1

spec), IB.4337 ( 1 spec); IB.4338 ( 1 spec), IB.4339 ( 1 spec), IB.4340 ( I spec); 35-40 miles ne. of

Broken Bay; 33°S, 151°E;258m; 1959. AMS IB.4360 (3, 72-80 TL), IB.4361 (I spec), IB.4362 (1

spec); e. of Tuggerah Lakes; 33°S, 151°E; 260 m; 1959. AMS IB.4391 (1 spec), IB.4392 (I spec);

e. ofNewcastle; 32°S, 1 5 1 °E; 293 m; 1 959. AMS IB.8269 (5,21 3-238 TL); 20 miles offWollongong;

34°S, 15I°E; 1968. NMV A2459 (3, 1 12-128 TL), e. of Sydney; 33°46'S, 15I°49'E; 420 m. NMV
A6912 (14, 98-150 TL); 52 km ene. of Nowra; 34°43.55'S, 151°I3.I6'E; 450-345 m. QLD: AMS
1.15519-001 (2, 134^152 TL); off Brisbane; 26°17'S, I53°15'E; 188 m; 1968. AMS LI5528-003 (88

TL); off Brisbane; 26°3rS, 153°53'E; 373 m; 1968. AMS LI 5550-004 (169 TL); off Brisbane

26°3rS, 153°50'E;329m; 1968.

Counts and Measurements (6 spec).— I D. 11,9-10; P. i 1 7-i 1 8; GR-I (inner) ( 1-2 )+6, GR-II

(outer/inner) 0+6/(2 )+( 6-7); scales ID. 5.0-5.5, midbase ID. 3.5, 2D. 4.0-5.5, lat.line 23-26; caeca

about 40 in one spec.

Total length 191-273 mm; HL 37.6-57.0 mm. The following in percent of HL: snout 29-32;

preoral 29-31; intemasal 22-25; interorb. 22-26; orb. 36-40; suborb. 16-17; postorb. 32-38;

orb.-preop. 37-40; up.jaw 28-33; barbel 1 5-20; gill slit 1 5-1 9; pre-A. 1 5^1 67; V.-A. 4^54; isth.-A.

74-96; body depth 69-86; ID.-2D. 47-59; ht. ID. 74-80; len. P. 51-58; len. V. 49-53; len. post,

nostril 4.9-9.0.

Size.— To about 30 cm TL.

Distribution.— Widespread and common across southern Australia, north on west coast to

southwest of Geraldton, WA (about 30°S), and on east coast to off Brisbane, QLD (about 27°S), in

about 200-500 m. Off WA, most numerous between 300 and 400 m.

Comparisons and Remarks.— Caelorinchus mirus is a common species along the southern

part of the continent. It is easily distinguished from other similar species in the ""C.fasciatus'''' group

by the large ventral fossa that extends forward of the vent region to between the pelvic fm bases, the

large black blotch on the pelvic fms, the small black spot ventrally at the base of the pectoral fm, the

scaled underside of the head posteriorly from above the angle of the jaws, and the absence of saddle

marks on the body of adults. Juveniles (Fig. 20b) as small as 72 mm TL (AMS IB.4360-2) were readily

identified by the pectoral and pelvic spots; saddle bands on the body are prominent in juveniles but

lost in adults.

\l\Caelorinchus mycterismus McMillan and Paulin, 1993

Fig. 21

Caelorinchus mycterisnms McMillan and Paulin, 1993:827-829, fig. 6 (New Zealand; 833-1,150 m).

Caelorinchus sp. F: Williams et al., 1997:148 (WA distr.).

Diagnosis.—Snout slender, sharply pointed and upturned, 1 .7-2.4 times orbit diameter, antero-

lateral margin incompletely supported by bone. Postorbital length of head 23-31% of HL, distance

orbit to preopercle angle 26-32%; orbit into postorbital 0.9-1.3 times. Light organ short, not

externally apparent; anus immediately before anal fm. Nasal fossa sparsely to (usually) extensively

covered with tiny scales; body scales with 4-9 parallel rows of spinules, the median row larger, lateral

rows often incomplete and not reaching posterior margin of scale.
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Specimens Examined.— WA: AMS 1.228 10-009 (4, 7 1 .4-77.7 HL, 225-236+ TL); NW Shelf,

250 km nw. of Port Hedland; 736 m; S02/82/22-24. CSIRO H2549-03 (74.5 HL, 228+ TL); w. of

NW Cape; 650 m; SSI/91/10. NSW: AMS L29750-001 (90 HL, 278 TL); e. of Crowdy Bay;

1,024-1,052 m;K89- 17-04.

Counts and Measurements (WA specimens only).— ID. n,8-9; P. il6~iI7; total GR-I

(inner) 7-9, total GR-II (outer/inner) 6-7/7-9; scales ID. 5-7, midbase ID. 4.5, 2D. 4.5-5.5, lat.line

36-40; caeca 10 (2 spec).

Total length 225-235 mm; HL 71.4—77.2 mm. The following in percent of HL: snout 45^8;
preoral 43-46; intemasal 17-18; interorb. 20-23; orb. 24—26; suborb. 13-15; postorb. 29-31;

orb.-preop. 31-32; up.jaw 20-22; barbel 7-8; gill slit 10-1 1; pre-A. 132-145; V.-A. 30-38; isth.-A.

51-56; body depth 35-42; 1D.-2D. 13-17; ht. ID. 32-36; len. P. 29-32; len. V. 31-33; post, nostril

6-7.

Description.— General features seen in Figure 21 . Snout long, slender, slightly upturned with

concave dorsal profile, tipped with a large, sharp, diamond-shaped terminal scute. Mouth gape

restricted laterally by lip folds; rictus extends posteriorly to under midorbit. Barbel short, slightly

longer than vertical diameter of posterior nostril. Preopercle forming a lobe posteroventrally;

subopercle produced at ventral margin into a thin, narrow flap.

Premaxillary teeth in broad short band; mandibular teeth in narrow, more elongated band that

extends to posterior end of rictus.

First dorsal fm relatively low, height about one-third ofhead length, slightly more than postorbital

length; pectoral and pelvic fins similarly short, outer pelvic ray barely extends to vent; anal fin well

developed, second dorsal fin low to end of tail.

Scales completely cover head and snout; nasal fossa with tiny, finely spinulated scales scattered

only on ventral surfaces in most specimens, but over most of fossa in others. Underside of head

completely covered with small, mostly nonimbricate scales (Fig. 8h) armed with 1-3 short rows of

broad, bladelike spinules, each spinule closely adjoined proximally to form a high, toothed crest, 2-5

spinules per row; spinules on scales dorsally atop snout and head similar, in 1-4 rows. Supraoccipital

and occipital scutes not well differentiated; scales on head ridges thickened and armed with coarse,

strong spinules. Body scales (Fig. 8i) with 4-7 parallel to slightly divergent rows of sharp spinules,

the median row largest and highest, formed of4—9 broad-based spinules, the spinules rapidly increase

in height posteriorly to edge of scale; other scale rows shorter, those adjacent to median row often

not complete to edge of scale and only one or two spinules long. Scales posterior to origin of second

dorsal fin with more spinule rows than those on trunk.

Light organ short type, like those of Iwamoto's (1990) Group I, without visible external fossa.

Color in alcohol overall tawny to grayish brown; first dorsal fin dark dusky to blackish; paired

fins and anal fin usually light dusky; abdomen with bluish tinge, but dark color not extending onto

chest area, region surrounding anus somewhat darker than adjacent areas; mouth and gill cavities

black, gums dusky to pale, upper and lower lips narrowly blackish, but usually pale laterally; barbel

pale; branchiostegal membrane blackish posteriorly and dorsally, but paler ventrally and over gular

membrane.

Size.— To about 50 cm TL.

Distribution.— Known from WA only off the NW Shelf and NW Cape; also found offNSW;
abundant offNew Zealand in 833-1,150 m (McMillan and Paulin 1993:829).

Comparisons and Remarks.— We tentatively identify the small WA specimens with C.

mycterismus, although scales on top and on the underside of the snout differ from one specimen we
have examined from New South Wales and others from New Zealand. These scales (Fig. 21c) had

broad spinules adjoined basally forming a short, high crest. Scales on the same areas of the head in

other specimens had spinules that were more slender and not closely adjoined. We could find no other



IWAMOTO AND WILLIAMS: GRENADIERS OF WESTERN AUSTRALIA 159

difference, however, to support recognizing them as distinct, but examination of additional specimens

covering a greater size range may change our view.

Caelorinchus mycterismus closely resembles C. kermadecus Jordan and Gilbert, 1904 and we

initially confounded the two species. However, Peter McMillan (pers. comm., Nov. 1 997) advised us

as to characters that can be used to distinguish the two. According to McMillan and Paulin (1993),

C. mycterismus has a longer, more slender and upturned snout (45—55% HL in C mycterismus cf.

4 1-^7% in C. kermadecus), 2l lower first dorsal fin (28-36% HL cf 36-43%), slightly shorter pectoral

fin (26-33% HL cf 3 1-37%), shorter pelvic fin (2 1-31% HL cf. 29-39%), shorter upperjaw ( 1 5-26%

HL cf. 25-30%), shorter postorbital (25-30% cf 34-36% [our data]), shorter orbit-preopercle

(25-30% cf 34—36%) [our data]). Additionally, the anal fin of C. mycterismus is pale posteriorly but

dark dusky to blackish in C. kermadecus, and the spinule rows on body scales are more numerous,

especially posteriorly on the tail (as many as 9 rows compared with about 7 as a maximum in C.

kermadecus), and the spinules are broader based, especially those lateral to the median row.

The apparently disjunct distribution of this species on opposite sides of the continent is peculiar

and unexpected. No collections of the species were made along the southern shores of Australia nor

off Queensland, despite fairly extensive sampling at appropriate depths.

Caelorinchus pardus new species

Fig. 19a

Caelorinchus sp. 4: Aral, in Gloerfelt-Tarp and Kailola, 1984:85, fig.

Diagnosis.— Snout long, 43-49% of HL, anterolateral margin not completely supported by

bone; characteristic scales overlap anterolaterally onto ventral snout surface; orbit diameter 22-25%

of HL, 1.8-2.2 times into snout length; upper jaw 24—27% of HL; chin barbel short, about equal to

length of first gill slit; subopercle lacking a prolonged narrow flap. Light organ extends from behind

isthmus to front of anus. Underside of head naked; nasal fossa naked; body scales thin, spinules short,

fine, aligned in close parallel rows. Conspicuous body markings consisting of blotches, spots and

occasional ring on dorsum, becoming a narrow dorsal stripe to end of tail; belly between periproct

and pelvic fin bases lacking melanophores; maxillary ramus immaculate (rarely with 2-3 melano-

phores). First dorsal fin with membrane between second spinous ray and first segmented ray black;

anterior end of anal fin blackish distally. Pyloric caeca 8-1
1 , usually 1 or 1 1 ; P. i 1 4—i 1 5, rarely i 1 6.

Specimens Examined.— NT (Arafura Sea): Holotype: NTM S. 1355 1-001 (57.0 mm HL,

213 mm TL); 9°39.3'S, 133°04.4'E; 123 m; coll. R. Williams (RW92-38); 3.X.1992. Paratypes:

NTM S.10774-001 (3, 170-185 TL); 9°32'S, 133°07'E; 126-130 m; FRV Soela sta. AS02/81/112;

2.VIL1981. NTM S. 12902-027 (12, 32-58 HL, 13^232 TL); ne. of Cape Don; 9°19'S, 132°42'E;

143 m; coll. R. Williams (RW90-3); 7.XI.1990. NTM S. 12903 (4, 180-200 TL); ne. of Cape Don;

9°19'S, 133°12'E; 152 m; coll. R. Williams (RW90-4); 7.XI.1990. NTM S.12923-003 (6, 36.4^4.1

HL, 145-165 TL) and QM 1.31224 (3, 136-143 TL); Arafura Sea (no other locality given); 1 12 m;

coll. R. Williams (RW90-24). NTM S.13313-013 (36.1 HL, 137 TL) and NTM S. 13313-028 (12,

196-215 TL); 9°18'S, 133°12'E; 153 m; coll. R. Williams; 6.XL1990. NTM S. 13547-001 (11,

1 15-186 TL), AMS uncat. (2, 164-187 TL), BPBM 38460 (2, 161-172 TL), and BSKU uncat. (2,

116+-187 TL); 9°42.4'S, 133°23.2'E; 107 m; coll. R. Williams (RW92-34); 3.X.1992. NTM
S.13548-001 (8, 128-1 95 TL) and CAS 200227 (4, 170-200 TL);9°42.3'S, 133° 17.2'E; 112-1 16 m;

coll. R. Williams (RW92-35); 3.X.1992. NTM S.13550 (5, 46.2-50.4 HL, 146+-199 TL); 9°30.7'S,

132°56.3'E; 136 m; coll. R. Williams (RW92-37). NTM S.13551-001 (5, 43.1-59.2 HL, 161+-192

TL); same data as for holotype. NTM S. 13577 (2, 51.3-52.8 HL, 200-200+ TL); 9°05.rS,
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133°39.7'E; 165-176 m; coll. R. Williams (RW92-65); 20.X.1992. NTM S.13578-001 (6, 178-208

TL); 8°55.3'S, 133°41.rE; 179-187 m; coll. R. Williams (RW92-66); 20.X. 1992.

Counts and Measurements (22 spec).— ID. IIJ-IO, usually 8-9; total GR-I (inner) 8-9

total, GR-II (outer/inner) 6-7/8-9; scales ID. 4.5-7.5, midbase ID. 3.5-5.5, 2D. 4.5-5.5, lat.line

36-43.

Total length 145—203 mm; HL 36.4—56.4 mm. The following in percent of HL: preoral 37-43;

intemasal 1 8-23; interorb. 21—27; suborb. 1 1-14; postorb. 27-34; orb.-preop. 33-38%; barbel 9-16;

gill slit 10-18; pre-A. 137-159; V.-A. 35-58; isth.-A. 66-91; body depth 45-55; 1D.-2D. 14^27; ht.

ID. 40-59; len. P. 34^6; len. V. 27^2; post, nostril 5.1-9.0.

Description.— General features offish seen in Figure 19a. Snout attenuated, armed with a

slender, sharp terminal scute. Orbit oblong, diameter about two or less in snout length, about equal

to interorbital width. Rictus extends posteriorly to below middle of orbit, maxillary to end of orbit.

Suborbital ridge forms a sharp edge separating upper and lower parts of head; ridge scales not

especially coarse. Preopercle margin sharply angular, forming a moderate lobe. Broad, translucent

naked areas dorsally behind leading edges of snout. Gill opening relatively wide, extending forward

to level of angle of lower jaws; gill membranes form a narrow free fold across isthmus.

Teeth small, fine, in a moderately wide band in upper jaw and extending to end of rictus; in a

narrow band in lower jaw extending slightly beyond end of rictus; none of teeth enlarged, although

in largest specimens, teeth overall more prominent.

Fins rather typical of most members of genus. First dorsal fin height less than postrostral length

of head; pectoral and pelvic fins ofabout equal length; outer pelvic ray barely reaching anal fin origin.

Body scales small (Fig. 8c), evenly covered with very small, conical, spinules. In smallest

specimens examined (about 140 mm TL), spinule rows in largest scales below interspace of dorsal

fins with 6-9 parallel rows, in larger specimens, number of rows ranged 8—12. Scales absent from

nasal fossa and suborbital shelf below anterior half of orbit. Scales on head with small erect conical

spinules, those on ridges not especially thickened nor coarsely spinulated; wide area behind antero-

lateral margin completely naked.

Light organ like those in Iwamoto's ( 1 990) Caelorinchus Group IV, with ventral streak expanded

at both ends.

Body markings prominent, characterized by series ofblotches, vermiculations, and spots dorsally

that become long, narrow, dark streak below the second dorsal fin base extending to end of tail.

Usually, dusky color of postorbital region extends posteriorly as large, elongated blotch onto trunk

above pectoral fin, connected dorsally to dark surround of first dorsal fin. A large, elongated blotch

above midlateral septum about where lateral line levels off, beginning at or beyond level ofdepressed

tip of first dorsal and ending well beyond that tip. Ventral half of head and trunk probably silvery in

life. Chest region and broad area around vent darkly pigmented, but ventral surfaces of abdomen

relatively pale; light organ long extending as blackish streak from vent almost to isthmus. Top of head

and snout mostly pale; suborbital region and gill cover peppered with prominent melanophores.

Median nasal bone black. Opercle mostly black, but outer margins pale. Mouth cavity entirely pale,

lips darkly punctated. Lower jaw, gular membrane, and branchiostegal membrane generally dark;

underside of head otherwise mostly pale. Second spinous ray of first dorsal fin and membrane behind

black; base of fin with dark margin, especially noticeable at anterior edge. Pectoral fins pale to light

dusky. Pelvic fin whitish at base, pale with scattered punctations proximally and medially, blackish

along outer edge and distal tip. Anal fin with blackish distal margin at anterior end, becoming pale to

light dusky posteriorly, dark margined near end of tail in some.

Size.— A small species probably not exceeding 30 cm TL.

Distribution.— Confined to the Arafura Sea in NT, in 107-187 m.

Etymology.— From the GxQQkpardus, the pard, leopard, in reference to the leopardlike spots

characterizing the new species.
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Comparisons and Remarks.— This species was recognized by Arai (in Gioerfelt-Tarp and

Kailola 1984) as an undescribed species, which he labeled as "sp. 4." It appears to be a common
species at the edge of the continental shelf and upper slope, and it is one of the shallowest-living

grenadiers in Australian waters.

Caelohnchus pardus bears close resemblance to C. multispiniilosus, a species known from off

Japan south to the Philippines and the Formosa Straits. The two are very similar in most characters,

but C multispimdosus has generally more lateral line scales over a distance equal to predorsal length

(4 1-46 cf usually 33-4
1 ), smaller belly scales (usually 7—9 scale rows between inner bases of pelvic

fms, cf 5—6 rows); spinules on body scales in quincunx pattern at all sizes, and more pyloric caeca

( 1 1-14 cf 8—1
1 ). Pigmentation pattern on the body also differs. In C multispimdosus the formation

of three dark, lateral body stripes interspersed with three pale stripes is pronounced, although the dark

stripes are variously broken and the upper two are often interdigitated. In C pardus only the uppermost

dark stripe is well developed, the second stripe being a series of elongate blotches or spots that end

rather abruptly in an elongated blotch slightly beyond a point below the tip ofthe depressed first dorsal

fm. Considerable variation is shown in these markings in both species, but on the whole, the

development of multiple stripes in C multispimdosus is pronounced, whereas there is only a hint of

multiple stripes in the C pardus. Certain proportional measurements show some differences between

the two species, but there is considerable overlap in ranges: for example, preoral length (somewhat

shorter at 32—36% HL cf 33-43, but complete overlap in specimens larger than 60 mm HL), and

outer pelvic fm ray (slightly shorter, 30-33% cf 27^2%).
Caelorinchus argentatus is also similar to C. pardus but has a somewhat shorter snout (40-44%

of HL), longer upperjaw (30-36%)), spinules on body scales in quincunx pattern, and different body

markings. Caelorinchus gaesorhynchus lacks prominent body markings, lacks a black spinous dorsal

fm ray and black distal edge of pelvic fm, has a slightly shorter chin barbel (7% of HL) and upper

jaw (22—24%), and a longer preoral (44-47%). Caelorinchus mayiae, with which C pardus has been

taken in the same trawl, has a distinctly different color pattern and spinule arrangement on scales.

Slight differences also exist in preoral and upper jaw lengths.

Caelorinchus smithi Gilbert sind Hubbs, 1920

Fig. 22

Coelorhynchus smithi Gilbert and Hubbs, 1920:493^98, fig. 20 (holotype: USNM 78212; Philippines between

Gillolo and Makyan islands; 545 m; Albatross sta. 5621).

Diagnosis.— Snout about 2.0-2.3 times into HL; anterolateral margin completely supported

by bone; orbit diameter 1.47—1.68 into snout length in adults, 1.7—2.0 in young; upper jaw 3.5^.0

into HL in adults, 4.8-5.1 in juveniles, extends posteriorly to below middle one-third of orbit; barbel

short, less than 1/4 orbit diameter; subopercle produced into a short, angular flap directed posteriorly.

Light organ short, less than greatest diameter of posterior nostril. Nasal fossa mostly naked or covered

with small scales anteriorly and ventrally; underside of head uniformly scaled with small, nonimbri-

cate scales; body scales with 5—8 divergent rows of bladelike, imbricate spinules; scales atop snout

with spinules much like those on underside but in longer ridge-rows.

Specimens Examined ( 1 spec).— Java: ZMMGU uncat. (89.6 mm HL, 300+ mm TL) and

CAS 202083 (94.6 HL, 338+ TL); off s. coast; 8°39'S, 1 1 1°55'E; 560-600 m; Prof. Mesiatzev cr. 7,

tr. 46; 27.IV. 1979. NT: NTM S. 12457-006 (95.7 HL, 312+ TL); Arafura Sea, se. of Tanimbar 1.;

8°36'S, 132°00'E; 525-540 m; coll. M. Sachse; 1.VI1.1988. ZMMGU uncat. (4, 9^102 HL,

278+-305+ TL); Timor Sea; 13°22'S, 128°38.3'E; 525 m; Raduga tr. 1; 27. VIII. 1966. QLD: AMS
1.32433-004 (2, 33.7-64.2 HL, 112-195+ TL); Papua Plateau, e. of Cape York; 10°29.8'S,

144°01.4'E; 596-603 m; R/V Franklin; 20. VIII. 1993. QM 1.23633 (88.6 HL, 270 TL); off Euston
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Figure 21. Caelorinchus mycterismits McMillan and Paulin. Juvenile (AMS 1.22810-009, 236+ mm TL) from 250 km
northwest of Port Hedland, WA, in 736 m. (a) lateral view, fins and scales partially reconstructed; (b) ventral view of head;

(c) scales from underside of head (not to scale). Scale bar represents 25 mm.

Figure 22. Caelorinchus smithi Gilbert and Smith. Adult (ZMMGU uncat., 300+ mm TL) from south coast of Java in

560-^00 m. Scale bar represents 25 mm.
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Reef; 16°40'S, 146°13'E; 600 m; 2.XII.1986. AMS L21796-012 (58.5 HL, 176+ TL); ne. of Danger

Pt.;731 m; K78-23-08.

Counts and Measurements (10 spec).— ID. 11,9; P. il6-il7; total GR-I (inner) 7-8, total

GR-II (outer/ inner); 5-7/7-9; scale ID. 5.5-6, midbase ID. 3.5-4.5, 2D. 4.5-6, lat.line 29-37.

Total length 1 12-338+ mm; HL 89.6-102+ mm. The following in percent of HL: snout 41-52;

preoral 35-49; intemasal 17-19; interorbital 19-23; orb. 24-29; suborb. 10-14; postorb. 24-34;

orb.-preop. 28-38; up.jaw 20-29; barbel 6-9; gill slit 9-14; pre-A. 131-154; V.-A. 22-51; isth.-A.

4^-80; depth 36-59; 1 D.-2D. 1 6-36; ht. 1 D. 33-40 (5 spec); base 1 D. 1 5-1 9; len. P. 30-44 (7 spec. );

len. V. 30-50; post, nostril 6-10.

Description.— General features offish seen in Figure 22. Snout moderately long, more so in

juveniles, sharply pointed in lateral view, dorsal profile slightly concave; viewed dorsally sides of

snout gently convex; a sharp, slender, diamond-shaped scute at tip; anterolateral margin sharp. Orbits

large, elliptic. Mouth relatively broad, slightly restricted at comers; chin barbel less than 10 percent

of head length. Suborbital ridge sharp, armed with stoutly modified scales; preopercle somewhat

lobelike at posteroventral comer; subopercle narrows to a short, pointed flap directed posteriorly to

posteroventrally. Scales cover underside of head except along narrow ventral margin of preopercle,

anteriorly on lower jaw, and over gill and gular membranes.

Premaxillary teeth in broad uniform band extending about three-fifths length of rictus; no

enlarged teeth. Mandibular teeth all uniformly small, in long, narrow band extending to posterior end

of rictus.

Dorsal and pectoral fins without produced rays; outer pelvic ray slightly produced, falling short

of, or scarcely extending beyond, anal origin. First dorsal fin low, height much less than postrostral

length, about equal to snout length. First dorsal and pelvic fins about on same vertical; pectoral fin

origin slightly in advance of that vertical. Anal fin origin far posterior, below interspace of first and

second dorsal fins, closer to origin of second. Base of first dorsal fin about 1.2—2.0 times into

interspace between dorsals.

Body scales large, covered with sharp, bladelike spinules arranged in divergent ridge-rows, the

rows complete to posterior margin of scale (Fig. 14c); posteriormost spinules in middle row often

with broad lateral buttresses, producing trihedral cross-section with each leg almost equal in width;

spinules in lateral rows often broadly triangular, and more or less aligned side by side, rather than

back to front. Head scales large on opercle and posteriorly and dorsally on preopercle, covered with

divergent ridge rows of low spinules; scales ventrally on head and above suborbital ridge and top of

snout generally small; an abmpt change in scale size between upper and lower portions of preopercle.

Scales atop snout and interorbital with 2-5 divergent rows ofnarrow, bladelike spinules of increasing

height; those on underside of head nonimbricate, with erect rows of bladelike, slightly recurved

spinules in one or two rows (Fig. 14b). Supraoccipital scute weakly developed.

Anus slightly removed by two or three scale rows from anal fin origin. A short, trancated light

organ anterior to anus, its length less than greatest diameter of posterior nostril; a narrow black

midventral streak anterior to periproct extending midway to pelvic bases, the light organ forming

posterior end. In NTM S. 12457-006, 26 long (to about 30 mm), slender, pyloric caeca.

Overall color dark brown to swarthy in adults, more grayish in young, belly with bluish to violet

tinge; fins, mouth, gill cavities, and branchiostegal membrane black. Color of lips, external faces of

premaxillary and maxillary white to dusky; gums pale; barbel pale to dusky.

Size.— To more than 35 cm TL.

Distribution.— Philippines, South China Sea, Bomeo, Arafura Sea, Timor Sea (NT), offsouth

coast of Java, northem QLD, and northem NSW in 402-731 m.

Comparisons and Remarks.— The specimens from the Araftira Sea and Timor Sea represent

the only records of C. smithi from Westem Australian waters, although the species is apparently rather

broadly distributed in tropical waters to the north. Our specimens agree well in all characters with the
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original description of C smithi and with numerous CAS paratypes. However, a slight difference in

spinulation of the scales was noted. In NTM S. 1247-006 the scale spinules are for the most part

narrowly bladelike, without a broadly truncated posterior margin, and the posteriormost spinule in

the middle row ofbody scales is not much different in size from the immediately anterior two or three,

and the spinule is not broadly trihedral. In contrast, in two large paratypes (CAS-SU 23993) the

posteriormost median spinule in most body scales is broadly trihedral, with a recurved, broad-bladed

shape in lateral view, and a broad-leafed shape in dorsal view. Also, the snout shape in dorsal view

is somewhat more convex in the Arafura Sea specimen. These are minor differences, however, and

probably attributable to individual variation.

Caelohnchus smithi is closely similar to C. charius but the two are distinguishable primarily by

the much paler overall color of C charius and its slightly longer upper jaw, which ends below the

posterior one-third of the orbits, whereas in C smithi the upper jaw ends below the middle one-third.

Caelorinchus charius also has a mostly pale mouth, whereas in C. smithi the mouth is wholly dark.

In comparable-sized specimens, the scale spinules on scales below the first dorsal fin of C. charius

are slightly more numerous in each row, more uniformly graduated in size posteriorly in each row,

and the spinules lack strong, broad lateral buttresses.

Caelorinchus smithi resembles C. macrorhynchus in many features, but differs in its much
shorter, somewhat broader snout (snout length 1.47-2.05 times orbit diameter cf 2.04—2.47 in C.

macrorhynchus), somewhat fewer gill rakers (inner GR-I 7—8 cf. 8-10, inner GR-II 6-7 cf. 9—10),

fewer scale rows below the first dorsal (5—6 cf. 6-8), fewer lateral line scales over distance equal to

predorsal length (29^5 cf 38-55), and a number of proportional measurements including intemasal

width, interorbital width, and orbit diameter.

Caelorinchus thurla new species

Fig. 23

Coelorinchits sp. 5: Arai, in Gloerfelt-Tarp and Kailola, 1984:85, fig.

Diagnosis.— Snout 37-45% of HL, anterolateral margin of snout completely supported by

bone; orbit diameter 26-29% of HL; upper jaw 22-26% of HL; subopercle prolonged into a short,

narrow fiap; barbel short, 6-10% of HL. Light organ a narrow black fossa extending forward from

periproct region to point at same level as insertions of pelvic fins; anus slightly removed from anal

fin origin. Underside of head completely naked; nasal fossa naked or with few tiny scales; body scales

covered with short fine spinules arranged in 6-1 1 parallel rows. Prominent elongated black spot below

first dorsal fm, subtending 4—8 scale rows horizontally, 4 or 5 rows vertically, and removed from

pectoral fin base by about 4 scale rows; diagonal saddle mark below second dorsal fin.

Specimens Examined.— WA: Holotype: WAM P.2 1638-43 (49.0 mm HL, 210 mm TL);

NW Shelf; 13°45'04"S, I23°30'00"E; Umitaka-Maru. PARATYPES: WAM P.2 1638-43 (4, 29.5 HL,
105+-187 TL); same data as for holotype. WAM P.26270-016 (2, 47.4^8.6 HL, 19^204 TL);

15°30'S, 120°58'E; 280-320 m; Courageous sta. 0751; 28.VI.1978. NT: NTM S. 13 147-003 (45.1

HL, 1 73+ TL); Arafura Sea; 9°47'S, 1 30°26'E; 255 m; coll. D. Evans; 9.XII. 1 990. NTM S. 1 3580-002

(4, 36.0-47.9 HL, 1 36+-206 TL); Arafura Sea; 9°04.7'S, 1 33°04.7'E; 1 79-205 m; coll. R. Williams;

20.x. 1992.

Counts and Measurements.— ID. 11,8-9, 2D. 75-88; P. il4-il6; total GR-I (inner) 6-8,

GR-II (outer/inner) 5-6/6-7; scales ID. 5-7, midbase ID. 4.5-5, 2D. 5.5-7, lat.line 30-37; 23 caeca

(1 spec).

Total length 105+-210 mm; HL 29.5-49.0 mm. The following in percent of HL: preoral 32^0;
intemasal 16-19; interorb. 18-21; suborb. 12-15; postorb. 29-35; orb.-preop. 33-38; gill slit 1 1-14;
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Figure 23. Caelorinclms thiirla n.sp. Holotype (WAM P21638-43, 210 mm TL); off North West Shelf, WA: (a) lateral

view, scales and fins partially reconstructed; (b) dorsal view of head; (c) paratype ( 187 mm TL), same locality as holotype,

ventral view of abdomen showing shape and position of light organ and anus. Fins and scales in (a) partially reconstructed.

Scale bar represents 25 mm.

pre-A. 1 40-1 6 1 ; V.-A. 29-4 1 ; isth.-A. 54^7
1 ; body depth 52-59; 1 D.-2D. 2^34; ht. 1 D. 58-70; len.

P. 43-49; len. V. 41-49; len. base ID. 18-25; post, nostril 8-11.

Description.— General features offish seen in Figure 23. Snout of moderate length for genus,

much longer than orbit diameter, which goes about 1.5-1.6 times into length of snout; snout sharply

pointed in lateral profile, more broadly pointed in dorsal view, tipped with sharp spiny scute, which

in smaller specimens more elongated than in larger representatives. Orbits oblong, about equal to

postorbital length of head. Mouth small, upper jaw length less than orbit diameter, posterior margin

of maxilla extending to below middle of orbit or slightly beyond. Barbel fairly thick proximally,

rapidly tapering to fine tip. Suborbital ridge well developed, formed of series of stout spiny scales.

Posteroventral comer of preopercle somewhat angular, not especially produced. Gill membranes

rather broadly attached to isthmus, restricting opening of gill covers.

Premaxillary teeth in short broad band that falls well short of posterior end of rictus; mandibular

teeth in narrow tapering band that extends to beyond rictus. No enlarged outer row of teeth.

Except for outer pelvic ray, none of fins with produced rays. Second dorsal fin poorly developed

over most of length; other fins typical for genus.

Body scales (Fig. 14e) covered with needlelike spinules in parallel to slightly diverging rows.

Supraoccipital scute elongated and relatively well developed, with strong median row of enlarged

spinules. A weakly scutelike scale above origin of lateral line.

Light organ typical of Iwamoto's ( 1 990) Group II, externally visible as short, narrow black fossa

between pelvic fins (Fig. 23c). Anus removed from anal fin origin by three or four scale rows.

Body color brownish overall, somewhat creamy white on underside of head, lips, barbel, and

gums. Gular and branchiostegal membranes all whitish except dorsally on branchiostegal somewhat

blackish from underlying dark lining of gill cavity. Gill chamber linings dark, but paler along outer

ventral walls; gill arches and rakers dusky, filaments paler. Mouth and gullet mostly dark but paler
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near mouth opening; gums and lips cream colored. Abdomen with bluish tinge; dark area ventrally

extends onto all of chest, but not much dorsally onto trunk. A prominent occellated spot overlying

anterior end of lateral line. Fainter, elongated saddle mark, shaped more like a diagonal band in some

specimens, below second dorsal and separated from pectoral spot by distance about equal to snout

length or length of snout and orbit. First dorsal fm dusky but darker distally; pectoral fm lightly dusky;

pelvic fins blackish, densely covered with large melanophores; anal fin with larger melanophores

anteriorly and distally, giving a dark appearance, but fin pales posteriorly to dusky, becoming

completely pale near distal end.

Size.— To about 2 1 cm TL.

Distribution.— So far known only from the Arafura Sea in Northern Territory and the North

West Shelf of Western Australia, in 179-320 m.

Etymology.— From the Australian Yindjibamdi word thurla, meaning eye, in reference to the

characteristic shoulder spot and to the name of its sister species, C. argiis. it is treated as a noun in

apposition.

Comparisons and Remarks.— Caelorinchus thurla is similar to C. argiis in most features,

but differs in having a shallower and more posteriorly placed pectoral spot. In C argus the spot is

distinctly rounded, about 6 rows deep, and closely placed near the pectoral fin, being removed by

only 2 or 3 scale rows from the pectoral fin base, with the anterior margin below the origin of the first

dorsal fin. In C. thurla the spot is normally oblong, only 4 or 5 rows deep and removed from the

pectoral fin base by 4 or 5 scale rows. Furthermore, the scales in C thurla are somewhat smaller,

about 4.5—5.0 rows below the midbase of the first dorsal (compared with 4.0-4.5 in C argus) and

5.5—7.0 rows below the origin of the second dorsal fin (compared with 4.5—6.0). The preoral length

is also somewhat shorter (34-39% cf. 37^5%), the intemasal somewhat wider ( 1 6-1 9% cf. 14—1 7%),

and the suborbital somewhat broader (13—15% cf. 1 1—13%).

Caelorinchus trachycarus Iwamoto, McMillan, and Shcherbachev, 1999

Fig. 24

Caelorinchus trachycarus Iwamoto, McMillan, and Shcherbachev, 1999:49-54.

Diagnosis.—A species of Caelorinchus in Iwamoto's (1990) Group I, with underside of head

mostly scaled; anterolateral snout margin incompletely supported by bone; nasal fossa and triangular

area bordered by fossa, orbit, and suborbital ridges naked; orbit 1 .4—1 .9 into snout length; head ridges

especially spiny; broad margins of naked skin on preopercle and lower jaw; color dark swarthy with

violet to purple tinge, fin rays black; body scales with usually 7-10 rows of spinules, the middle row

highest; neuromasts on head prominently black; anus immediately before anal fin, without external

trace of light organ; pyloric caeca 7-9.

Specimens Examined ( 1 WA specimens from type series).—WA: NMV A6 1 89 (2 paratypes,

93.4-121 mm HL), NMV A6190 (I paratype, 77.5 HL), sw. of Esperance, 1,015-1,030 m. AMS
1.18712-015(1 paratype, 99 HL), ZMMGU uncat. (6 paratypes, 96-1 1 7.7 HL), 1 ,080-1 ,100 m.

Counts and Measurements (from original description).— 1 D. 11,7-9; P. i 1 5-i 1 8 (120, 12 1 );

scales ID. 4.5-7 (9), midbase ID. 3.5-^, 2D. 4.5-6.5, lat.line 28-37 (42); caeca 7-9.

The following in percent of HL: snout length 39-49; preoral 36-48; internasal 18-23; interorb.

20-27; orb. 22-30; suborb. 14-17; postorb. 26-34; orb.-preop. 2^37; up.jaw 17-24; barbel 4-9;

pre-A. 141-171; body depth 39-58; 1D.-2D. 18-33; ht. ID. 37-59; len. P. 32^1; len. V. 28^6.

Size.—To about 5 1 cm TL.

Distribution.—Southern Australia to New Zealand, in 1,015-1,234 m.

Comparisons and Remarks.—This recently described species is most similar to C acanthiger

but the two can be readily separated because C trachycarus has relatively much coarser, more spiny
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scales of the head, more extensive naked areas, especially on the preopercle and anteriorly on the

suborbital shelf behind the nasal fossa, darker overall color, especially the black fins, and violet to

purplish tinge on naked areas. Scales are somewhat smaller in C. ocanthiger, although there is overlap

in scale row counts (scale rows below ID. usually 5.5—7 in C. trachycarus cf 7—10 in C. acarithiger,

below midbase ID. 3.5—6 cf 5.5—7, and lateral line scales 28—37 cf 34^9).

Cetonurichthys Sazonov and Shcherbachev, 1982

The generic diagnosis provided by Sazonov and Shcherbachev (1982) for Cetonurichthys is very

similar to that for Cetonums. as given in their later paper (Sazonov and Shcherbachev 1985). The

following additional characters may be used to distinguish Cetonurichthys: pelvic fin distinctly

posterior to line through first dorsal and pectoral fin bases; lateral line interdigitated, a series of

elongate pores covered by a transparent membrane, each about 2.0-2.5 scales in length; pores

separated by about 2.0-2.5 scales anteriorly, about 7 scales posteriorly; one pair ofneuromasts located

medially on border of each pore; margin of pore pigmented, about 6-7 rows of teeth at symphysis of

upper and lower jaws; tooth patches broad, together forming crescent-shaped band in each jaw; lips

fleshy, well developed at angles ofmouth, with conspicuous development ofbranched papillae; mouth

noticeably protrusible.

Only the single species known.

Cetonurichthys subinflatus Sazonov and Shcherbachev, 1982

Fig. 25

Cetonurichthys subinflatus Sazonov and Shcherbachev, 1982b:8— 1 1 (holotype ZMMGU P296, off nw. coast of

Australia; I6°55'S, II4°53'E, 1,600-1,700 m). Williams etal. 1 996:1 49 (WA). Grandperrinetal. 1997:117

(New Caledonia off Norfolk Ridge).

Diagnosis.— Head broad, shallow, interorbital 3 1-34% of HL; snout 36-42% HL, with paired

tubercular scales at tip; suborbital 1 7-20% HL, ridge lacking stout scutelike scales; jaws short, upper

jaw 24—28%) HL, inferior; tooth rows short, crescent-shaped, outer premaxillary series enlarged.

Cephalic sensory canal moderately dilated, lacking open pores; lateral line canal with modified scales,

interrupted in places. Trunk scales small (11-13 rows between origin of first dorsal fin and lateral

line), bearing erect spinules in no particular arrangement; scales along dorsal fins larger than

surrounding ones; head completely scaled, including patches on gular and branchiostegal membranes.

Spinous second ray of first dorsal fin with small serrations; pelvic fins with 8—9 rays, outer ray

elongated. Anus midway between bases of anal and pelvic fins; periproct narrow; no dermal window
of light organ. Eleven trunk vertebrae. (After Sazonov and Shcherbachev 1982:8).

Specimens Examined.— WA: CSIRO H2551-16 (64.5 mm HL, 363+ mm TL) and CSIRO
H2551-13 (79.0 HL, 395+ TL)); offNW Cape; 1,460-1,500 m; SSl/91/12.

Counts and Measurements (based on 2 spec).— ID. 11,9-10; P. il5-il7; V. 8; total GR-I

(inner) 8-9, GR-II (outer/inner) 8 /7-8; scales I D. 1 1 .5-13.0, midbase 1 D. 8.5-1 2.0, 2D. 1 0.0-1 1 .5.

Total length 363-395+ mm; HL 64.5-79.0. The following in percent of HL: postrostral 62-63

snout 39-40; preoral 29-31; intemasal 27-30; interorb. 30; orb. 23; suborb. 18-19; postorb. 39-41

orb.-preop. 35-37; up.jaw 26-27; barbel 8; outer gill slit 10; pre-A. 154-160; body depth 7^83
pre-vent 141-151; isth.-A. 67-68; 1D.-2D. 33-37; ht. ID. 91-94; len. V. 45-56; post, nostril 8-10.

Size.— To at least 40 cm TL.

Distribution.— Known from only five specimens, including our two, from two locations north

and east of the Exmouth Plateau, North West Cape, WA. Depth range 1,316-1,700 m.
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Figure 24. Caelorinchus tiachycams Iwamoto, McMillan, and Shcherbachev, 1999. Paratype(100 mm HL, 350+ mmTL),
AMS 1. 1 87 1 2-0 1 5, from off southern Australia. Fins and scales partially reconstructed. Scale bar equals 25 mm.

Figure 25. Cetonurichthys suhinflatus Sazonov and Shcherbachev. CSIRO H255 1-16 (395+ mm TL) from off North West

Cape, WA, in 1,460-1,500 m. Drawn by Georgina L. Davis.

Comparisons and Remarks.— Our counts and proportional measurements slightly extended

the ranges given by Sazonov and Shcherbachev (1982). This is not surprising considering that our

specimens are the largest two of the five known. One noteworthy difference was the greater number

of tooth rows in our specimens: six or seven rows at the symphysis of both jaws, compared to three

reported in the type specimens.

In our specimens the pelvic fin origin was distinctly posterior to a vertical line through the

posterior margin of the pectoral fin base. Sazonov and Shcherbachev (1982) described the position

as "on the line or slightly posterior to it." In the larger of our specimens, a well-developed elongate

scale patch on the midline of the gular membrane extended posteriorly to a vertical through the
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posterior margin of the orbit; on each side of the midline, a large oval scale patch (about 0.5 of orbit)

was present on the anterior portion of the lower branchiostegal membranes; scattered scales linked

these patches with the gular patch.

Cetonurus Giinther, 1887

See Sazonov and Shcherbachev ( 1 985) for diagnostic characters and a comprehensive discussion

of this genus. Two species recognized, only one of which was found in our study material.

Cetonurus globiceps {y2t\\\2iiii^ 1884)

Fig. 26

Macrunis globiceps Vaillant in Filhol, 1884:183, fig. 2 (name and figure; name attributed to Vaillant).

Cetonurus globiceps: McMillan in Gomon et al. 1994:345, fig. 306 (NSW, VIC, GAB, 950-1,200 m). Williams

etaL 1996:149 (WA)

Diagnosis.— Orbit 24—28% of HL; scale rows below origins of first and second dorsal fins,

respectively, 16-18 and 10-19 (usually 14—15); 3^ rows of closely spaced teeth on premaxilla.

Specimens Examined.— WA: CSIRO H2581-04 (77.0 mm HL, 366+ mm TL, CSIRO H2581-

03 (84.0 HL, 375+ TL), CSIRO H2581-05 (79.5 HL, 364+ TL), and CSIRO H2581-08 (76.0 HL,

358+ TL); ssw. of Shark Bay; 996-1,009 m; SSl/91/44. CSIRO H2593-02 (84.0 HL, 275+ TL); w.

of Leander Pt.; 942-970 m; SSl/91/58. CSIRO H3017-05 (68.1 HL, 298+ TL); off Cape Leeuwin;

34°10'S, 114°16'E; 1,030 m; Akebono Mam No. 3, shot 17; coll. A. Williams; 24.XII.1989. TAS:
CSIRO H 1 579-49 ( 1 2, 44.0-77.0 HL, 1 70+-3 1 0+ TL), w. coast; 792-830 m; S03/86/37.

Also examined for comparison: holotype of Cetonurus crassiceps, BMNH 87.12.7.108 (66.3

HL, 272 TL); n. of Kermadec Is.; 650 fathoms [1 189 m]; Challenger sta. 170; 14.VII.1874.

Counts and Measurements (based on 10 spec).— ID. 11,9; P. il5-iI7; total GR-I (inner)

1 1-13, GR-II (outer/inner) 10-12/10-12; scales ID. 18-19, midbase ID. 15-17, 2D. 14-16.

Total length 275+-375+ mm; HL 68.8-84.0 mm. The following in percent of HL: snout 36-42

preoral 32-41; intemasal 40-44; interorb. 41^5; suborb. 24—27; postorb. 43-50; orb.-preop. 42-53

up.jaw 28-33; pre-A. 129-142; pre-vent 128-133; V.-A. 46-52; isth.-A. 48-58; body depth 8^98
1D.-2D. 28-39; ht. ID. 47-53; len. P. 41; post, nostril 4-6.

Size.— To at least 38 cm TL.

Distribution.— Circumglobal, recorded from the North and South Atlantic oceans, off the

Indo-Malayan Archipelago, and Japan; western, central, and eastern Indian Ocean; southern Australia

and New Zealand (Sazonov and Shcherbachev 1985). Widely distributed down the western coast of

Australia in depth from 740 m to 1,500 m.

Comparisons and Remarks.— Some confusion exists regarding the distribution of Cetonurus

species in Australian waters. Cetonurus globiceps was reported from southern Australia by Sazonov

and Shcherbachev (1985), although only C. crassiceps is recorded by Paxton et al. (1989). More
recently, Gomon, Glover, and Kuiter(1994) identified C. globiceps as the only species occurring in

southern Australian waters, an observation consistent with the material examined during this study.

The distribution ofC crassiceps appears to be disjunct, with populations in the central and southern

Atlantic Ocean and the mid-central and southern Pacific Ocean.

Several characters may be used to differentiate C globiceps from C crassiceps. Comparison of

data for C. crassiceps provided by Sazonov and Shcherbachev (1985) shows C globiceps offWA
have a distinctly larger orbit (24-28% HL cf. 18-23%) and smaller scales (18-19 rows below ID.

and 14-16 rows below 2D., cf. 1 1-14 and 9—13, respectively). Additionally, three to four rows of

closely spaced teeth occur on the premaxilla, compared with two rows of sparse teeth in C. crassiceps.
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Sazonov and Shcherbachev (1985) also use the presence of a band of naked skin adjacent to the anal

fin in C crassiceps and its absence in C. globiceps to differentiate the two species. However, this is

a variable character in the BMNH type specimens of C. crassiceps and may not be definitive.

Cetonurus globiceps was one ofthe most abundant grenadiers on the mid-continental slope region

off Western Australia, representing about 21% of the total grenadier biomass (AW, personal data).

Coryphaenoides Gunner, 1765

For more recent treatments and diagnoses of this genus see Iwamoto and Sazonov (1988),

Iwamoto (1990), Iwamoto and Shcherbachev (1991), and Shcherbachev and Iwamoto (1995).

Representatives of this diverse genus were relatively sparse in collections from Western Australia,

probably because only a small percentage of trawls were made at depths exceeding 1 ,000 m. The

primary vertical distribution of the genus appears to be at midslope to lower-slope depths, between

roughly 800 and 2,000 m. Many of the species, especially of the subgenera Chalinwa and Lionurus,

are deeper living, commonly found at depths between 2,000 and 4,000 m. One species, C. yaquinae

Iwamoto and Stein, 1974 of the North Pacific, is known from greater than 6,000 m. Undoubtedly,

future work in deeper waters offWA will result in a much-expanded list o{ Coryphaenoides species.

Notably absent from our list were the common, widespread abyssal species C. armatus Hector, 1 875

and C. filicaudus (Gunther, 1878). In addition, C. mcmillani Iwamoto and Shcherbachev, 1991 and

C. mwrayi Gunther, 1878, both known from off VIC, should be expected off the southern coast of

WA.
More than 60 species, only four so far known from Western Australia.

Key to Species of Coryphaenoides from Western Australia

la. Pelvic fin rays 7; large, conspicuous, tubercular scutes at tip and lateral angles of snout; spinules on body scales

leaf-shaped or lanceolate C serrulatiis

lb. Pelvic fin rays 8— 12; snout tipped with rather inconspicuous tubercular scales; spinules on body scales conical ... .2

2a. Pelvic rays 11-12 C siriatunis

2b. Pelvic rays 8-10 3

3a. Outer gill slit greatly restricted, 6-9% of HL; outer gill rakers 3 or 4 C. riidis

3b. Outer gill slit 17-24% of HL; outer gill rakers 7-9 C. sp.

Coryphaenoides rudis Gunther, 1878

Fig. 27

Coryphaenoides rudis Gunther, 1878:24 (n. of Kermadec Is., 1,152 m. Challenger sta. 170A). Williams et al.

1996:149 (WA).

Macrurus (Macrurus) rudis: Gunther, 1 887: 131.

Nematonurus macrocephalus Maul, 1951:17 (Madeira).

Macrourus paradoxus Smith and Radcliffe in Radcliffe 1912:1 15-1 16, pi. 25, fig. 1 (Philippines).

Coryphaenoides paradoxus: Iwamoto and Sazonov, 1988:72-75, figs. 3c, 24, 28 (central and se. Pacific).

Diagnosis.— Pelvic fin rays 9-1 (rarely 8 or 1 1 ); GR-I about 3 or 4 in outer, 9 or 1 in inner

series; premaxillary teeth in narrow band, with an enlarged outer series; mandibular teeth in about 3

irregular series anteriorly, becoming uniserial posteriorly; orbit diameter 17-20% of HL, preoral

length 10-12%, barbel length 15-20%, length outer gill slit 6-9%; body scales relatively adherent,

densely covered with small, short, conical spinules in an irregularly quincunx or divergent-row

pattern.

Specimens Examined.— WA: CSIRO H255 1 - 1 4 (600 mm TL); w. ofNW Cape; 1 ,460-1 ,500+

m; SSl/91/12. CSIRO H2552-I3 (540 TL); nw. of Point Cloates; 1,305 m; SSl/91/13. CSIRO
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H2561-03 (1 spec); w. ofCapeCuvier; 1,320 m; SSl/91/23. NSW: AMS L29340-001 (144 HL, 710

TL); off Sydney; 1,120-1,170 m; K89- 13-02.

Counts and Measurements (data compiled mostly from Marshall and Iwamoto 1973;

Iwamoto and Sazonov 1988; and Shcherbachev and Iwamoto 1995).— ID. 11,9-1 1; P. i 19—121 (rarely

i 17 or i 18); GR-Il (outer/inner) 8-10 /9; scales ID. 7-9, midbase ID. 5.5-7.5, 2D. 5.5-6.5, lat.line

30-47; caeca 12-16.

The following in percent of HL: snout 23—29; preoral 10—12; internasal 17-19; interorb. 26-35;

suborb. 14-15; postorb. 57-59; orb.-preop. 5 1-57; up.jaw 37^3; pre-A. 1 56-1 68; V.-A. 48-55; body

depth 80-100; ht. ID. 43-73; len. P. 45-63; len. V. 50-1 1 1 (usually 50-70).

Size.— A large species, to at least 1 20 cm TL.

Distribution.— Widespread in Atlantic, Pacific, and Indian oceans. In Australia, known from

NSW and WA (nw. coast), in 1,120-1,700 m.

Comparisons and Remarks.— Cotyphaenoides rudis is unlikely to be confused with the other

three species of the genus from WA because of its pelvic fm ray count and low gill raker numbers.

The other three species have more and much better-developed gill rakers, especially on the outer series

of the first arch. Iwamoto and Sazonov (1988) treated the species (as C paradoxus) in detail;

Shcherbachev and Iwamoto (1995) synonymized C paradoxus and C. macrocephalus with C. rudis.

Coryphaenoides serrulatus Giinther, 1878

Fig. 28

Cotyphaenoides serrulatus Giinther, 1878:26 (ne. of New Zealand; 1,280 m). McMillan in Gomon et al.

1994:356, fig. 316 (descr.; NSW, VIC. TAS, and New Zealand; 600-1,000 m). Williams et al. 1996:149

(WA).

Coiypliaenoides s. serrulatus: Iwamoto and Shcherbachev, 1991:218-221 (NSW, TAS, VIC, SA and New
Zealand; 540-1,100 m).

Diagnosis.— Pelvic fin rays 7; GR-I 7-9 in outer, 1 1-14 in inner series; premaxillary with

moderately wide band of small inner teeth flanked by enlarged teeth with arrowhead-shaped tips;

mandibular teeth in one row except about two at symphysis; orbit diameter 32-37% of HL, preoral

length 12-18%, barbel 23-30%, outer gill slit 16-23%; body scales covered with small, greatly

reclined, lanceolate spinules aligned in somewhat converging rows.

Specimens Examined.— WA: NMV A6192 (2. 405-425 mm TL); 95 km sw. of Esperance;

34°35.5'S, 121°19'E; 1,015-1,030 m. NSW: NMV A17 (285 TL)and NMV A9077 (2, 358^42 TL);

56 km ene. of Nowra; 34°43.95'S, 15ri4.74'E; 1,009-817 m. NMV A5783 (336 TL); off Nowra;

35°00.0'S, 151°16.3'E; 1,100 m. VIC: NMV A3400 (5 spec); 38 km sw. of Cape Bridgewater;

38°38'S, 141°04'E; 990-1,100 m. NMV A3412 (2 spec); 45 km sw. of Cape Bridgewater; 38°36'S.

140°59'E; 1,040-1,170 m. NMV A6937 (2, 35^391 TL); s. of Point Hicks; 38°21.9'S, 149°20.0'E;

1,000m. SA: NMV A5881 (2, 319-404 TL); 110 km w. of Robe; 37°19.04'S, I38°31.05'E;

990-1,000 m. CSIRO T1877-02 (1 spec); w. of Cape Banks; 37°47'S, 139°39'E; 500-520 m;

Margfl/-f/P/7/Y;>pa;6.XII. 1984. TAS: CSIROT359(l spec.),T38l (I spec); e.ofBicheno;4r48'S,

1 48°38'E; 950-1 ,099 m; Challenger; coll. M. Wilson; 2 1 .IV. 1982. CSIRO T362 ( 1 spec); e. of Long

Pt, 41°46'S, 148°37'E; 830-850 m; Bluefm\ coll. R. Green; 18.V.I982. CSIRO T399 (1 spec); nw.

of Cape Sorell; 42°25'S, I44°43'E; 956-835 m; Petuna Endeavour; coll. K. Evans; 7.VI.1982.

CSIRO T519 (476 TL); w. of Sandy Cape; 41°19'S, 144°03'E; 86^^943 m; Challenger; coll. M.

Wilson; I5.xn.l981. CSIRO T527 (I spec); sw. of King I.; 40°44'S, 143°30'E; 920-927 m;

Challenger; coll. M. Wilson; 16.XII.198I. CSIRO T570 (360 TL), T578 (378 TL), T599 (343 TL),

T601 (357 TL), T618 (321 TL), T807 (298 TL); sw. of King I.; 40°42'S, 143°29'E; 942-1,058 m;
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Figure 26. Cetonurus glohiceps (Vaillant). CSIRO H.2593-02 (275+ mm TL) from off Geraldton, WA, in 942-970 m.

20 cm

Figure 27. Coryphaenoides mdis Giinther. CSIRO H256I-03, from west of Cape Cuvier, WA, in 1,320 m.

Figure 28. Coiyphaeiudes serndatus Gunther. CSIRO H3008-13, from southwest of Albany, WA, 842 m.
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Challenger, coH. M. Wilson; 9.1.1982. CSIRO T591 (1 spec); sw. of King I.; 40°44'S, 143°30'E

920-927 m; Challenges coll. M. Wilson; 16.XII.1981. CSIRO T658 (328 TL); ne. of Flinders 1.

39°05'S, 148°43'E; 947 m; 1983. Southern Ocean, South Tasman Rise: NMV A3689 (270 TL)

47°42.0'S, 148°10.0'E; 1,200 m. NMV A371 1 (320 TL); 47°29.0'S, 148°29.0'E. NMV A3719 (310

TL) and NMV A3721 (230 TL); 47°29.0'S, 148°30.0'E.

Counts and Measurements.— ID. 11,9-11; P. il8-i24; (outer/inner) GR-Il 10-14/10-14;

scales ID. 5.5-7.5, midbase ID. 5.5-7.5, 2D. 7-10, lat.line 35-^1; caeca 1^23.

The following in percent of HL: snout 26—31; intemasal 16-19; interorb. 20-24; suborb. 1 114;

postorb. 43-50; orb.-preop. 37-^5; up.jaw 39-44; pre-A. 148-186; V.-A. 4^^-67; isth.-A. 8^1 16:

body depth 74-108; 1D.-2D. 57-107; ht. ID. 76-102; len. P. 50-74; len. V. 50-80.

Size.— To more than 48 cm TL.

Distribution.— Off New Zealand, southern Australia (NSW, TAS, VIC, SA, and WA), and

oceanic elevations of the Indian Ocean, in 540—1,255 m.

Remarks.— Iwamoto and Shcherbachev (1991 ) found geographic differences in a number of

characters and accordingly designated the oceanic population in the Indian Ocean as a distinct

subspecies. Specimens from the Great Australian Bight differed slightly from those captured off New
Zealand and in the Tasman Sea (including off the east coast of Tasmania), but the differences were

insufficient to warrant recognition ofanother subspecies. Among the 4 species ofthe genus from WA,

C. serrulatus can be easily distinguished by the presence of large terminal and lateral snout scutes, 7

pelvic fin rays, and lanceolate scale spinules. The closely similar C mcmillani Iwamoto and

Shcherbachev, 1991 has a smaller, more-upturned terminal snout scute, more pelvic fin rays (8 or 9).

a rudimentary barbel, and needlelike scale spinules.

Coryphaenoides striaturus Barnard, 1925

Fig. 29

Coiyphaenoides {Chalinura) striatura Barnard, 1925:500, 501 (offCape Point, South Africa, in 823-1,737 m).

Coiyphaenoides striaturus: Iwamoto and Shcherbachev, 1991 :2 14-2 1 7 (s. hemisphere distr., from se. Atlantic

to New Zealand; 823-2,010 m). Williams et al. 1996:149 (WA).

Diagnosis.— Pelvic fin rays 11-12 (usually 12); GR-I 7-11 in outer, 12-16 in inner series;

premaxillary teeth in broad cardiform band flanked by an outer row of enlarged, slender, widely

spaced canines; mandibular teeth in one irregular row; orbit diameter 18-24% of HL, preoral length

10-16%; barbel length 18-26%, outer gill slit 16-23%; body scales rather deciduous, covered with

short, slender spinules aligned in 9-14 low parallel rows. (Adapted from Iwamoto and Shcherbachev

1991.)

Specimens Examined.— WA: CSIRO H2617-09 (460 mm TL); w. of Bunbury; 33°15.8'S,

114°ll.rE; 982m; SSl/91/85. CSIRO H3017-06 (1 spec); nw. of Cape Leeuwin; 34°10'S,

1 14°16'E; 1,030 m; Akebono Mani No. 3, shot 17; A. Williams; 24.XII.89. CSIRO T298 ( 1 spec);

Great Australian Bight; 33°27'S, 128°36'E; 1,027-1,044 m; Margaret Philippa; coll. K. Evans;

24.XI.I984. VIC: CSIRO H1519-06 (1 spec); s. of Warmambool; 39°12.3'S, 142°30.0'E; 1988.

TAS: CSIRO H1260-I9 (1 spec); sc of St. Patricks Head; 1,195-1,185 m; S02/88/87. CSIRO
H1523-02(l spec); w. of Low Rocky Point, 42°54.5'S, 144°45.9'E; 1,785 m; 1988.

Counts and Measurements (from Iwamoto and Shcherbachev 1991).— ID. 11,8-10; P.

il8-i24; GR-I (outer/inner) 1 1-14/1 1-15; scales ID. 7.5-10, midbase ID. 5-7.5, 2D. 8-9, lat.line

30-36; caeca 9-1 2.

Total length 120-550 mm; HL 21-97 mm. The following in percent of HL: snout 26-30;

internasal 20-28; interorb. 23-30; suborb. 1 1-15; postorb. 51-57; orb.-preop. 46-53; up.jaw 38-46;
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pre-A. 1 52-1 80; V.-A. 42-74; body depth 8 1-1 03; ht. 1 D. 8 1-1 09; len. P. 56-68; len. V. 65-97; post,

nostril 3—7.

Size.— To about 55 cm TL.

Distribution.— From the se. Atlantic, s. Africa, Indian Ocean between about 25°S to 35°S, s.

Australia including WA, SA, VIC, TAS, NSW, Tasman Sea, and New Zealand, in 823-2,0 1 m (data

mostly from Iwamoto and Shcherbachev 1991).

Comparisons and Remarks.— The completely scaled underside of snout, pelvic ray count,

relatively numerous gill rakers, and features of the dentition and body scales together serve to

distinguish C. striatums from its congeners.

The species is widespread in southern temperate waters of the eastern hemisphere at depths

usually between 1,000 m and 1 ,400 m. It appears to be relatively abundant in places, but offWA the

species was uncommon and not captured north of Cape Leeuwin (about 35°S).

Coryphaenoides sp.

Fig. 30

Coiyphaenoides {Coryphaenoides) sp. indet. Iwamoto, 1986:355 (s. Africa, Mozambique; 696-960 m).

Coiypiiaenoides (Con'pfiaenoides) rudis (nee Giinther, 1887): McCann and McKnight, 1980:35. figs. 16, 17,

18 (part) (New Zealand; 2,993 m).

Coryphaenoides sp.: Okamura in Amaoka et al., 1990:184, fig. 126 (New Zealand; 100-763 m). McMillan in

Gomon et al. 1994:355, fig. 315 ("Humpback Whiptail"; descr.; NSW, VIC, TAS, and New Zealand; "in

depths in excess of 800 m").

Coiyphaenoides sp. B: Paulin et al., 1989:129, fig. 56.30b (in key). Williams et al. 1996:149 (WA).

Coryphaenoides sp. 1: Shcherbachev and Iwamoto, 1995:309-312, fig. 8 (distr. New Zealand, Tasman Sea,

Coral Sea, Indian Ocean, se. Atlantic; 696-1,600 m).

Diagnosis.— Pelvic fin rays 8 (rarely 9); naked areas on underside ofhead confined to a median

swath below snout tip, a narrow strip along ventral margins of snout and suborbital, and anterior end

of mandible; snout low, barely protruding in adults; premaxillary teeth in a broad band flanked by a

row of moderately enlarged and spaced conical teeth; mandibular teeth in 3 or 4 irregular rows; orbit

diameter 19-23% of HL; preoral length 7-1 1%; barbel length 21-34%; outer gill slit 17-24%; body

scales adherent, with numerous, small, reclined, closely packed spinules in subparallel to slightly

convergent rows.

Specimens Examined.— (Numerous specimens including those listed by Shcherbachev and

Iwamoto 1995).

CountsAND Measurements (compiled mostly from Shcherbachev and Iwamoto 1 995).— 1 D.

11,9-10; P. i 17-121; GR-I (outer/inner) 7-9/1 1-13; GR-II 9-12/1 1-13; scales ID. 9.5-1 1, midbase

ID. 7-10, 2D. 7-12, lat.line 38-48; caeca 10-18.

Total length 140-770 mm; HL 24-1 70 mm. The following in percent of HL: snout 25-29;

interorb. 14-20; suborb. 9-13; postorb. 48-57; orb.-preop. 44-50; up.jaw 40-45; pre-A. 143-179;

V.-A. 43-76; body depth 62-89; ht. ID. 65-84; len. P. 43-57; len. V. 43-70; post, nostril 4-8.

Size.— To at least 77 cm TL.

Distribution.— Widespread throughout southwestern Pacific Ocean, Indian Ocean, and se.

Atlantic Ocean, in about 700-1,600 m (Okamura in Amaoka et al 1990:184, has recorded it from

"100-763 m"). Found in Australia off NSW, TAS, VIC, SA, and WA.
Comparisons and Remarks.— This large species is extensively treated in Shcherbachev and

Iwamoto (1995) and will be described soon by Peter McMillan of New Zealand (in litt. to Tl, July

1998). It is unlikely to be confused with any other member of the genus currently known from

Australia because of its peculiar physiognomy of low, scarcely protruding snout, shallow head, high
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Figure 29. Coiyphaenides striatums Barnard. CSIRO H3017-06 from northwest of Cape Leeuwin.WA. 1,030 m.

^. 10 cm
Figure 30. Coryphaenides sp. ("longbeard"). CSIRO H3010-09 from south of Cape Leeuwin, 945 m.

("hump-backed") nape, combined with usually eight pelvic fin rays and distinctive squamation of

head and body.

Hymenocephalus Giglioli, 1884

We use the generic name in the broadest sense to include Hymenogadus and Spicomacrwus as

subgenera.

Key to Species of Hymenocephalus from Western Australia

la. Pelvic fin rays 7-9 2

lb. Pelvic fm rays 11-14 5

2a. inner gill rakers on first arch 1 9 or more; no broad, horizontal projections at snout tip 3

2b. Inner gill rakers on first arch 1 1-12; three broad, horizontal projections forming tip and lateral angles of snout

H. adelscotti
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3a. Chin barbel long, greater than least suborbital width; melanophores present to end of tail H. longibarbis

3b. Chin barbel short, less than half suborbital width; melanophores absent posterior to belly region

['^]H. sthalissimus aeger

4a. Pelvic fin rays 12-14; orbits 23-29% of head length; interorbital greater than orbit diameter (about 0.8-0.9 into

orbit); orbit about 1.7—2.1 into distance orbit-preopercle //. sp.

4b. Pelvic fin rays 1 1-12; orbits 31-38% of head length; interorbital less than orbit diameter ( 1.2-1.4 into orbit), orbit

1.1-1.4 into distance orbit-preopercle H. nascens

Hymenocephalus adelscotti Iwamoto and Merrett, 1997

Fig. 31a

Hymenocephalus adelscotti \\Namoio ?iX\dy[QXXQn, 1997:514-516, fig. 19 (holotype MNHN 1994-882, 162 mm
TL;n. of Fiji, 600 m).

Diagnosis.— Pelvic fin rays 9, outer ray slightly expanded distally; nasal bones forming 3

horizontal platelike processes; gill rakers on outer arch 1 1 ; head bones relatively firm; barbel 3.8 into

orbit.

Specimen Examined.— WA: CSIRO H2573-14 (37.0 mm HL, 166+ mm TL); w. of Shark

Bay; 680-691 m; SSl/91/36.

Counts and Measurements.— ID. 11,11; P. i 19-120; V. 9; total GR-I (inner) 12, GR-Il

(outer/inner) 1 1/12; scales ID. 3, 2D. 4.

Total length 166+ mm; 37.0 mm HL. The following in percent of HL: postrostral 74; snout 3

1

preoral 17; intemasal 19; interorb. 18; orb. 32; suborb. 10; postorb. 44; orb.-preop. 36; up.jaw 36

barbel 8; gill slit 24; pre-A. 158; pre-vent 154; V.-A. 66; isth.-A. 104; body depth 50; depth at A. 45

1D.-2D. 59; ht. ID. 63; len. P. 62; len. V. 49; post, nostril 12.

Description.— Body slender, subcylindrical; head bones relatively firm (compared to most

other Hymenocephalus species); crests on nasal, frontal, and occipital low; snout depressed, with

median and lateral processes of nasal bones forming three blunt, horizontal platelike processes; lateral

margins of snout concave posterior to processes. Underside of head fiat; mouth moderately large,

nearly horizontal. Teeth small, slender, conical. Gill rakers short, tubercular, bearing few spines.

Scales large, deciduous (none remaining on our specimen). Second spine of first dorsal fin smooth.

Elongate outer ray ofpelvic fin slightly expanded and fleshy. Light organ long, luminous tissuejoining

a small lens anterior to vent, another lens just anterior to pelvic fin bases. Ventral striae well developed.

Color dusky brown, paler on ventral surface. Abdominal region and isthmus black, underside of head

dark. Lip of upper jaw black, surrounding tissue pale.

Size.— Our single specimen was about 17 cm TL, but had a damaged tail and developed

pseudocaudal.

Distribution.— Known only from the holotype captured north of Fiji and our single WA
specimen; capture depths 600-691 m.

Comparisons and Remarks.— Our specimen showed great similarity to Hymenocephalus

kuronumai (Kamohara, 1938), the only other species of the subgenus Spicomacrurus, in overall

morphology, counts and proportional measurements. However, it differs in having longer platelike

median and lateral processes of the nasal bone than figured for H. kuronumai by Okamura ( 1 970).

This accounts for the shorter snout-to-head ratio (3.3 cf 3.6-4.5) in our specimen. The WA specimen

also has a shorter barbel (3.8 into orbit diameter cf. 1 .5—2.4) and smaller scales (4 rows from midbase

of first dorsal fin to lateral line, cf 3 rows, and 3 rows from the origin of second dorsal fin, cf 2).
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Hymenocephalus longibarbis (Giinther, 1887)

Fig. 31b

Macrurus (Mystaconiirus) longiharhis Gunther. 1887:139, 140. pi. 18, fig. C (Fiji Islands, Challenger sla. 173;

576 m).

Hymenocephalus sp.: Gomon et al., 1994:358, fig. 318 (GAB; 366 m).

Hymenocephalus longiharhis: Iwamoto and Merrett. 1997:520-521, fig. 21b (New Caledonia region).

Diagnosis (for WA specimens only).—Pelvic fin rays 8; chin barbel long, 0.55-0.63 into orbit

diameter; gillrakers 1 7-2 1 on inner series of first arch; interorbital narrow, 1 .4—2. 1 into orbit, 1 6-20%

HL; suborbital narrow, 2.3-2.9 into orbit, 1 1-13% HL; midlateral stripe becoming faint or obscure

posteriorly on tail, no prominent black marks on dorsal surfaces of trunk.

Material Examined (9 spec.).—WA: AMS L22808-029 (5, 23.5-35.2 mm HL, 142-192 mm
TL); NW Shelf; S02/82/17-I8. AMS L22826-006 (5, 29.4^0.9 HL, 167+-200+ TL); NW Shelf;

39^^06 m; SO 1/86/53.

Size.— To more than 23 cm TL.

Distribution.— Australia (WA, NSW, QLD, ?SA), Fiji, and New Caledonia in 366-620 m.

Comparisons and Remarks.— This large member of the genus can be readily differentiated

from its congeners by the combination of long barbel, slender body, low, non-protruding snout,

relatively low gill raker counts, and eight pelvic fin rays. In having a notably long barbel, H.

longibarbis is most similar to H. longiceps Smith and Radcliffe, 1912 from the Philippines, but the

barbel in H. longiceps goes 1.0-1.4 times into the orbit diameter (cf 0.55-0.63) and the suborbital

width goes 2.0-2.3 (cf 2.3-2.9) times into the orbit.

The Western Australian specimens differed slightly from specimens recorded by Iwamoto and

Merrett ( 1 997) from New Caledonia. The most striking differences were related to proportions of the

barbel, interorbital, and suborbital. Thus, the WA specimens had for these characters, respectively,

values of 0.55-0.63, 1.4—1.7, and 2.3-2.9 times into orbit diameter, in contrast to 0.7-1.0, 1.7-2.1,

and 3.1--4.6 in the New Caledonian specimens. The WA specimens were also much paler overall,

without bold body and head markings, but such differences are often attributable to differences in

preservation techniques. The paucity of specimens and the lack of a more thorough examination of

material from other areas prevents a decision as to whether or not they represent a new taxon.

That only two small WA collections were made of this species is somewhat surprising, in that it

(or its sister taxon) is apparently rather abundant off New Caledonia and the east coast of Australia.

Hymenocephalus nascens Gilbert and Hubbs, 1920

Fig. 32a

Hymenocephalus nascens Gilbert and Hubbs, 1920:535-539, fig. 30 (holotype USNM 78229; Borneo, vicinity

of Sibuko Bay, 759 m). Iwamoto and Merrett, 1997:523-525, fig. 22b (New Caledonia region, 600-855 m).

Diagnosis.— Chin barbel absent or rudimentary, much less than half suborbital width; V.

1 1-12; snout length 25-30% HL, orbit broadly oval, 31-37% HL, slightly greater than interorbital

width, 25-28% HL; suborbital width 13-14% HL. Prominent midlateral stripe, ventrolateral surfaces

of tail finely speckled. Scale margins dorsally well marked; preopercle mostly pale; dark areas of

belly and chest with purplish tinge. Anterior lens of light organ small, about half size of posterior

lens.

Specimens Examined.— WA: CSIRO H1492-19 (2, 23.5-28.6 mm HL, 120-120+ mm TL);

w. of Barrow I.; 420 m; SO5/88/70. CSIRO H2573-24 (24.0 HL, 123 TL); w. of Steep Point; 691 m;

SSl/91/36. CSIRO H2580-09 (25.5 HL, 120+ TL); sw. of Shark Bay; 491 m; SSl/91/43.



178 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES
Volume 51. No. 3

FkjURE 3 1 . (a) Hymenocephaliis adelscotti iwamoto and Merrett. Hoiotype, MNHN 1 994-882 (33 mm HL), from near Wailis

and Fiituna islands, southwestern Pacific, in 600 m.(From Iwamoto and Merrett 1997, tig. \9.)(b) Hvnienocepluiliis longiharhis

(Gunther). NMNZ P.29239 (35.5 mm HL) from south of New Caledonia in 550-920 m. (From iwamoto and Merrett 1997,

fig. 21b.)

Counts AND Measurements.— ID. 11,9; P. il4-il5; V. 11-12; GR-I (outer/inner) 17-18/24,

GR-II 23-24/23-24. The following in percent of HL: postorb. 43-45; orb.-preop. 43-^5; up.jaw

50-56; body depth 68-76; body width 44^7; head width 51-55; len. V. 82-86.

Comparisons and Remarks.— These four Western Australian specimens agree well with the

detailed original description of the species by Gilbert and Hubbs (1920) and that ofNew Caledonian

specimens by Iwamoto and Merrett (1997), with the exception of the pelvic fm ray count of 1 1-12,

which agrees more with that of//, lethonemus. The rudimentary barbel in three of the four specimens

is a bit disconcerting, but not especially surprising, in that a similar situation was recorded in

specimens of//, striatulus Gilbert, 1905 from Hawaii and the Sala y Gomez Ridge (Sazonov and

Iwamoto 1992).

\l\Hymenocephalus striatissimus aeger Gilbert and Hubbs, 1920

Fig. 32b

Hymenocephalus striatissimus aeger Gilbert and Hubbs, 1920:531

Molucca Sea off Halmahera, 545 m).

-534, fig. 32 (hoiotype, USNM 78228,
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Figure 32. (a) Hymenocephaliis nascens Gilbert and Hubbs. NMNZ P.29101 (26.2 mm HL), from south of New Caledonia

in 550-690 m. (From Iwamoto and Merrett 1997, fig. 22b.) (b) Hymenocepluilus strialissinuis acger Gilbert and Hubbs.

Holotype (USNM 78228, 158 mm TL) from East indies "between Giilolo and Makyan islands" in 542 m. (From Gilbert and

Hubbs 1920, fig. 32.)

Diagnosis.— Pelvic fin rays 8 [7 rays in 1 of 15 spec.]; total gill rakers on first arch 12-18

(lateral series), 20-23 on inner series; barbel rudimentary 2-A% HL; orbits 33^5; dorsolateral stripe

on trunk fades out completely on tail.

Specimens Examined.— WA; CSIRO HI 514-35 (11, about 24-26 mm HL, 108+-153 mm
TL); NW Shelf; 582 m; SO5/88/190. CSIRO H3144-07 (5, 24.5-28 HL, 95+-142+ TL); n. of

Dampier Archipelago; 1 8°5 1'S, 1 1 6°02'E; 550 m; Surefire, shot 3; coll. D. Evans; 1 6.10. 1992. AMS
1.22816-003 (11, about 25.5-27 HL, 115+-262+ TL); NW Shelf, 220 km nw. of Port Hedland;

594-612 m;SO2/82/28-30.

Counts and Measurements.— 1 D. 11,7-9; P. i 1 0-i 1 3 ; total GR-II (outer/inner) 1 9-23/ 19-21.

Total lengths 95-262+ mm, HL 24-28 mm. The following in percent HL: snout 26-29 (2 spec);

interorb. 35^0; suborb. 14-18; postorb. 41-50; orb.-preop. 45-54; up.jaw 48-59; body depth 64-82;

body width 35-47; head width 48-55; ht. ID. 68-92; len. P. 54-85; len. V. 48-69.

Size.— To at least 26 cm TL.

Distribution.— Only three collections were made of the species offWA in 550-612 m.

Comparisons and Remarks.— This species is easily recognized among the Western Austra-

lian members oiHymenocephalus by the low pelvic and pectoral ray counts, rudimentary chin barbel,

and the complete absence on the tail of a dorsolateral stripe or speckling of any sort.

Our Western Australian specimens (all of which are damaged and in poor condition) seem on

the whole to agree with H. striatissimiis aeger. The small, rudimentary barbel is much smaller,

however, than that reported for the subspecies (much less than half pupil diameter, cf. 2/3 to more
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than pupil diameter in H. s. aeger). The pigmentation on the flanks posterior to the abdominal cavity

is wholly absent in our specimens, but appears to be present in H. s. aeger, as judged from the original

illustration of the subspecies. Some badly faded type specimens (CAS-SU 25463) lack pigmentation

posterior to the abdomen, but their absence may be an artifact of long preservation. Additionally, the

orbits appear more round in outline and not as deeply oblique as in H. s. aeger.

Compared with H. megalops from the New Caledonia region and QLD, H. s. aeger has a shorter

barbel (8-22% HL in H. megalops), fewer pectoral fin rays (i9-il3 cf. il3—il5), a somewhat longer

orbit-to-preopercle distance (45-54% HL cf. 36-47%), a somewhat broader suborbital (14—1 8% HL
cf. 8-1 6%), and a broader interorbital space (35-^0% HL cf. 24—36%). The eight pelvic fin rays, the

large orbit, and the absence of pigmentation on the tail are, however, characteristic of both species.

Hymenocephalus {Hymenocephalus) sp.

Diagnosis.— Pelvic fin rays 12-14; barbel absent; orbits about 23—29% HL, less than interor-

bital width; sides of trunk and tail heavily speckled; dorsolateral stripe prominent, extending

posteriorly from behind head to end of tail; anterior lens of light organ tiny, inconspicuous.

Specimens Examined.— WA: CSIRO H2553-11 (33.5 mm HL, 153+ mm TL); w. of Pt.

Cloates; 910 m; SSl/91/14. CSIRO H2583-13 (29.1 mm HL, 108+ mm TL); nw. of Shoal Pt.;

945-960m;SSl/91/48.CSIROH2584-14(27.4HL, 132+TL)andCSIROH2584-15(29.6HL, 140+

TL); w. of Shoal Pt.; 853 m; SSl/91/49.

Counts AND Measurements.— ID. n,9-ll; P. il2-il5; V. 12-14; total GR-I (outer/inner)

17-19/24-26, GR-II 24-25/23-24.

Measurements in percent of HL: snout 33—39; orb. 23-29; suborb. 13-16; interorb. 27—31;

postorb. 46-52; orb.-preop. 46-52; up.jaw 45-54; body depth 46-59; head width 42^6; ht. ID.

64-69; len. P. 47-55; len. V. 81-82.

Description.— This species resembles H. nascens rather closely; thus, only major character

differences will be described. Snout relatively high, the thin, slender, flexible tip elevated above mouth

a distance of about two lens diameters. Suborbital region relatively broad, least width more than lens

diameter, almost entirely black along inner walls. Opercular region behind and below preopercle

ridge, chest, and gill membranes black.

Comparisons and Remarks.— These specimens do not readily key out to any species in the

keys provided by Gilbert and Hubbs (1920) and Iwamoto (1990). They follow the description of//.

nascens most closely, but the larger orbit diameter and higher pelvic fin ray count differentiate the

specimens from H. nascens. They are also darker, with heavier pigmentation, especially on the

opercular and suborbital bones, and ventrally on the tail below the dorsolateral stripe, where large

melanophores are aligned in a V-shaped pattern (fine, more uniform arrangement of melanophores

in H. nascen.s). There is some similarity to H. striatulus, but that species has a much more robust and

thicker body, larger orbits, and stouter head bones.

We have not described this species as new because only five specimens, all in relatively poor

condition, were present in our examined collections.

Kuronezumia Iwamoto, 1 974

See Sazonov and Iwamoto ( 1 992) for a diagnosis ofthe genus. Seven species currently recognized

(Shcherbachev et al. 1992); only two species found in WA, both rare in the area, but K. leonis is

relatively common in TAS, SA, and NSW.
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Key to Species of Kuronezumia from Western Australia

la. Pelvic rays 8-9 (rarely 10); snout relatively pointed, tipped with a large tubercular scale; upper jaw 28-35% HL
K. Iconis

lb. Pelvic rays 10-1 1; snout bluntly rounded, not tipped with large tubercular scale; upper jaw 36-42% HL . . K. palliclu

Kuronezumia leonis (Barnard, 1925)

Fig. 33

Lionwus leonis Barnard, 1925:503 (off Cape Point, South Africa).

Macniroplus leonis: Smith, 1949:134.

Nezumia leonis: Krefft, 1969:36 (Uruguay).

Nezumia sp. A: Okamura, in Amaoka et al., 1990:181 (New Zealand).

Kuronezumia leonis: Shcherbachev et al., 1992:101, 102 (descr.; distr.; Indian Ocean).

Nezumia sp.: McMillan, in Gomon et al., 1994:361, 362, fig. 322 ("snubnose whiptail"; Australia [VIC, TAS],

New Zealand).

Diagnosis.— Snout relatively pointed, tipped with enlarged, bony, tubercular scale; V. 8-10,

usually 8 or 9.

Specimens Examined.— WA. CSIRO H3008-10(l spec); sw. of Albany; 35°25'S, 1 17°2rE;

842 m; Akebono Mam No. 3, shot 8; coll. A. Williams; 22.XII.1989

Counts and Measurements (of 1 WA spec).—ID. 11,9; P. i20-i21; total GR-I (outer/inner)

9/10, GR-II 9/10; scales ID. 15-15.5, 2D. 1 1-12.

Total length 317+ mm; HL 50.5 mm. The following in percent of HL: postrostral 73; snout 30;

preoral 19; intemasal 24; interorb. 29; orb. 29; suborb. 17; postorb. 45; orb.-preop. 37; up.jaw 28;

barbel 26; gill slit 15; pre-A. 1 50; pre-vent 1 30; V.-A. 40; isth.-A. 8 1 ; body depth 80; depth at A. 72;

1D.-2D. 42; len. P. 65; len. V. 41; post, nostril 8.

Size.— Attains about 50 cm TL.

Distribution.— Widely distributed in southern Africa, off Uruguay (not verified by current

authors), southern Australia, New Zealand, and southern Indian Ocean on the Kerguelen Plateau.

Comparisons and Remarks.— This wide-ranging species has been adequately described in

the recent works of Shcherbachev et al. (1992) and Iwamoto and Anderson (1994). The former work

offers a key to the seven recognized species in the genus.

Kuronezumia leonis differs most obviously from K. pallida, the second species of the genus

recorded off the west coast of Australia, in the presence of a large terminal scute on the snout. The

pointed snout and relatively slender body of A^. leonis also easily distinguished this species from K.

pallida.

Kuronezumia pallida Sazonov and Iwamoto, 1992

Fig. 34

Kuronezumia pallida Sazonov and Iwamoto, 1992:65-67 (Sala y Gomez Ridge, se. Pacific, 540-800 m).

Diagnosis.— No large lateral line pores on head; length upper jaw 36-42% HL; inner GR-I

9-10; scales below ID. 1 1-13; V. 10; light organ a small lenslike structure between pelvic fin bases,

no bulbous swelling; color pale brown, slightly lighter on ventral surface; fins dark, abdominal area

bluish.

Specimens Examined.— WA: CSIRO H3041-14 (106 mm HL, 495+ mm TL); wsw of Shark

Bay; 26°36'S, 1 1 2°09'E; 760 m; Akebono Maru No. 3 sta. 4 1 ; coll. A. Williams; 28.XII. 1 989. CSIRO

H3 1 92-02 (66.9 HL, 340 TL); n. of Dampier Archipelago; 18°46'S, 1 16°13'E; 550 m; Surefire, shot
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2; coll. V. Wadley; 10.11.1992. CSIRO H3086-01 (93.5 HL, 505+ TL); n. of Port Hedland; ]7°49'S,

118°17'E; 725 m; Courageous; coll. D. Evans; 7.II.1990.

Counts AND Measurements (based on 3 spec).— ID. 11,9-10; P. i 19-122; total GR-I (outer/in-

ner) 7-8/9-1 0, GR-II 9/9-1 0; scales 1 D. 1 1-1 3, 2D. 1 0, midbase 1 D. 8-9.

Total length 340+—505+ mm, HL 66.9—106.0 mm. The following in percent of HL: postrostral

77-79; snout 26-27; preoral 16-19; intemasal 18-19; interorb. 24-25; orb. 27-28; suborb. 17-18

postorb. 51-54; orb.-preop. 44-^6; up.jaw 36-42; barbel 24-26; gill slit 17-20; pre-A. 141-149

pre-vent 105-122; V.-A. 43; isth.-A. 78-91; body depth 89-98; depth at A. 77-82; 1D.-2D. 34-46

len. P. 58^0; len. V. 50-59; post, nostril 4-8.

Description.— Large, deep-bodied species with deep, compressed head; snout high, blunt,

with vertical anterior profile. Mouth large, jaws subterminal; lips and adjacent areas of buccal caviy

with dense covering of fleshy, branched papillae that almost cover teeth. Suborbital region deep,

vertical, without modified scales.

Body scales covered with radiating series of long, densely packed conical spinules.

Light organ manifested externally as a small, black, scaleless anterior dermal window between

pelvic fin bases.

Color when fresh, light brown with slightly darker area on dorsal posterior region of head, lighter

on ventral surface, abdominal area bluish; fins dark.

Size.— To about 5 1 cm TL.

Distribution.— Only three specimens were taken from the west and northwestern coast of

Australia. Kuronezumia pallida was known previously only from the Sala y Gomez Ridge in the

subtropical South Pacific.

Comparisons and Remarks.— Our specimens closely agree with the original description of

K. pallida in most counts and proportional measurements, and particularly in the physiognomy of the

head, which is deep and compressed with a high, blunt snout. They match Sazonov and Iwamoto's

(1992) diagnosis of that species precisely; however, compared to data from the large holotype, the

orbit of the Australian material is larger (27-28% HL cf 24%), the suborbital width narrower

(17-18% HL cf 20%), pectoral rays fewer (i 19-122 cf 12^125), and pelvic rays fewer ( 10, cf 11 ).

In addition, the scales appear more densely spinulated. We attribute these differences to natural

variation among the few known specimens, and to geographical variation in a widely distributed

species.

Kuronezumia pallida may be separated from K. leonis by the physiognomy of its head, which is

deep and compressed, and its high blunt snout, which lacks a terminal bony scute. It differs from K.

dara (Gilbert and Hubbs, 1916) from Japanese waters in having a humped dorsal profile over the

posterior region of the head, a shorter snout (26-27% HL cf 28-29%), and an overall paler color.

Lepidorhynchus Richardson, 1846

A monotypic genus whose relationships are obscure.

Lepidorhynchus denticulatus Richardson, 1 846.

Fig. 35

Macrounis denticulatus Richardson, 1846:53 ("coast of South Australia").

Cory'phaenoides denticulatus: Giinther, 1862:396.

Macrurus (Optonurus) denticulatus: Giinther, 1887:147.

"Optonurus" denticulatus: Gilbert and Hubbs, 1916:144. McCulloch, 1926:33.

Lepidorhynchus denticulatus: McCann and McKnight, 1980:50-52.



IWAMOTO AND WILLIAMS: GRENADIERS OF WESTERN AUSTRALIA 183

Figure 33. Kuronezumia leonis (Barnard). (From Shcherbachev et al. 1992. fig. 3)

Figure 34. Kuronezumia pallida Sazonov and Iwamoto. CSIRO H304I-14 ( 106 mm HL, 495 mm TL) from off Shark Bay,

WA, in 760 m.

Figure 35. Lepidorhynchus denliculalus Richardson. CSIRO unregistered, from off southern coast of Australia.

Diagnosis.— Bony ridges of head poorly developed and lacking modified scales. Mouth large,

terminal; teeth of premaxilla in broad bands with large, widely spaced canines in outer row; teeth of

mandible well developed, closer set than those of premaxilla. Ventral striae conspicuous over

abdominal region from level of pectoral fm, extending along ventral region from isthmus to midpoint

of anal fm.

Specimens Examined.— WA: CSIRO H2023-03 (86.5 mm HL, 527 mm TL); w. of Dongara

and Leander Pt.; 29°14'S, 1 13°52'E; 556 m; South Passage; coll. D. Wright; 28.L1989.
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Counts and Measurements (based on 1 spec).— 1 D. II, 11 ; P. i 1 6; V. 9; total GR-I (outer/inner

11/17, GR-II 16/16.

Total length 527 mm; HL 86.5 mm. The following in percent of HL: postrostral 75; snout 24

preoral 12; internasal 16; interorb. 22; orb. 34; suborb. 7; postorb. 42; orb.-preop. 43; up.jaw 49

barbel 9; gill slit 26; pre-A. 164; pre-vent 157; V.-A. 57; isth.-A. 1 12; body depth 84; depth at A. 71

1D.-2D. 83; len. 42; post, nostril 6; len. rictus 40.

Description.— This species is quite distinctive and has been adequately described in recent

works. McCann and McKnight (1980), Last et al. (1980), and Gomon et al. (1994) provide accounts

of material from southern Australia.

Size.— To about 55 cm TL.

Distribution.— Southern Australia and New Zealand. Reported from a wide depth range

(60-1,000 m), but predominantly an upper-slope species in 270-450 m.

Comparisons and Remarks.— The well-developed teeth and distinctive reflective, silvery

coloration of L. denticulatus make it easily recognizable. Extremely abundant off southeastern

Australia, where it forms a substantial bycatch to the demersal trawl fishery for blue grenadier (or

hoki, Macruronus novaezelandiae). It was caught only occasionally offthe southern coast ofWestern

Australia.

Lucigadus Gilbert and Hubbs, 1920

Recent treatments of species o^ Lucigadus include Iwamoto and Anderson (1994) and Iwamoto

and Merrett (1997). Only one species so far known from WA.

Lucigadus ori (Smith, 1968)

Fig. 36

Macrwoplus ori Smith, 1968:4—6, pi. 2 (off Durban, South Africa).

Ventrifossa ori: Iwamoto, 1979:153.

Lucigadus ori: Iwamoto and Anderson, 1994: 16.

Diagnosis.— Mouth small, upper jaw about 31% HL; pelvic fin rays 15-18; pectoral fin rays

il8—i23; body and anal fin lacking banding pattern; branchiostegal membranes with two small scale

patches.

Specimens Examined.— WA: CSIRO H2579-02 (31.1 mm HL, 230 mm TL); sw. of Shark

Bay; 666-688 m;SS 1/9 1/42.

Comparative material oi Lucigadus nigromaculatus: NSW: AMS 1.7894 (holotype, 32.1 HL,

222 TL) and AMS L7895, 1.7896, 1.7897 (paratypes, 15.3-32.4 HL, 112-207 TL); off Sydney;

33°52'S, 151°48'E; 1,461 m. AMS 1.15974-008 (32.3-36.7 HL); 55 n.mi. [102 km] off Newcastle;

366 m; K71-08-03. AMS 1.15975-032 (32.3-38.3 HL); 35 n.mi. [65 km] se. of Newcastle; 567 m;

K7 1-08-05. VIC: AMS E.5499 (28.4 HL); sse. ofGenoa Point; 37°S, 149°E; 365 m; 1914. SA: AMS
LI 871 1-005 (31.8-37.9 HL); Great Australian Bight; 33°29'S, 127°15'E; 1976. AMS IA.1367 (40.1

HL); Great Australian Bight, s. of Eucla; 31°S, 128°E; 730 m; 1913.

Counts and Measurements (1 WA spec.).— ID. 11,10; P. i20-i21; V. 14-15; total GR-I

(outer/inner) 9-10/13, GR-II 12/12; scales ID. 17-18, midbase ID. 13-14, 2D. 8-9.

Total length 230 mm; HL 31.1 mm. The following in percent of HL: postrostral 78; snout 28;

preoral 23; internasal 20; interorb. 24; orb. 38; suborb. 16; postorb. 39; orb.-preop. 32; up.jaw 31;

barbel 15; gill slit 18; pre-A. 163; pre-vent 137; V.-A. 46; isth.-A. 95; body depth 109; depth at A.

92; 1D.-2D. 65; len. 71; len. V. 47; post, nostril 6.
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Description.— Body short, deep, and compressed, tapering from anal fm origin to end of long,

compressed tail. Head short, compressed, lacking distinctive ridges; dorsal profile nearly straight

(Madagascar specimens examined have a distinct hump), rising steeply to first dorsal fin origin. Snout

short, rounded, barely protruding beyond level of mouth, about 1.4 into orbit. Mouth short, oblique;

upperjaw extends posteriorly to vertical about one-third distance across orbit. Orbits relatively large,

about 1 .5 into interorbital width. Suborbital ridges flat, lacking enlarged or bony scales.

Teeth of premaxilla and mandible conical, forming broad, tapering bands; 4-5 rows of teeth at

symphysis, outer row in each jaw slightly enlarged.

Gill rakers bearing clusters of elongate, straight to slightly curved spines; dorsal rakers on first

arch well developed, ventral rakers a series of raised tubercles.

Upper surfaces of head completely scaled; branchiostegal membranes with a small scale patch

on either side at level of isthmus; gular membranes and underside of lower jaw unsealed in WA
specimen (but in specimens from Madagascar, area with a broad median patch, and posterior end of

lower jaws scaled). Scales on body posterior of pectoral fin moderately deciduous; scales of dorsal

flanks bearing small, slender spinules in 8-9 near-parallel rows.

Light organ keyhole-shaped; anterior dermal window situated between posterior margin ofpelvic

fin bases, connected to periproct by an isthmus of naked black skin; posterior dermal window

relatively large, immediately anterior to vent.

First dorsal fin high, second spinous ray with numerous serrations along leading edge; pelvic fins

broad, close together, outer ray only slightly produced; anal fin well developed along entire length.

Pelvic fin origin at vertical through posterior margin of opercle; pectoral fin origin just posterior to

pelvic fin origin; first dorsal fin origin set further back, posterior margin of base in line with origin

of anal fin.

Body light brown, speckled with small melanophores; dense clusters of melanophores on gular

membrane, on margin of branchiostegal membranes, and on pelvic fins; base of first dorsal, pectoral

and pelvic fins, opercle, and ventral abdominal region dark; sides of abdomen to level of pectoral fin

base with dark bluish pigmentation; periproct region black. Large dark patch over upper two-thirds

of first dorsal fin between 2nd and 8th elements; anal fin with distinct dark distal margin over anterior

15—20% of its length; no evidence of banding over trunk or anal fin.

Size.— To about 23 cm TL.

Distribution.— From Namibia to Natal coast (South Africa), off Madagascar, and at 28°S off

west coast of Australia.

Comparisons and Remarks.— Lucigadus ori is very similar to L. nigromaculatus (McCul-

loch, 1907), which is widely distributed across temperate Australia and is also reported from New
Zealand (McCann and McKnight 1980), the southeastern Pacific (Iwamoto 1979), and the southeast-

em Atlantic (Trunov and Konstantinov 1986). However, L. ori has a relatively small mouth (upper

jaw 31% HL cf 41^7%), a more restricted first gill slit (18% HL cf 25-31%), a greater preoral

length (23% HL cf 17-21%), and a greater postorbital length (39% HL cf 34-37%).

Our specimen of L. ori is most noticeably differentiated from L. acrolophus (Iwamoto and

Merrett, 1997) by a higher pelvic fin ray count (14—15 cf 9-11), shorter upper jaw (31% HL cf

35^1%), and more inner gill rakers (GR-I 13 cf 9-1 1; GR-II 12 cf 8-11). It lacks the banded

coloration over the body and anal fin of I. microlepis (Gunther, 1 878) and differs from L. nigromar-

ginatus (Smith and Radcliffe, 1912) by its higher pelvic fin ray count (14-15 cf 10-1 1) and several

proportional measurements including, among others, orbit diameter (38% of HL cf 33-36%) and

barbel length (15% cf 20-26%).

It is a bit curious to find a single representative of this predominantly southern African species

in Western Australia but none of the other two members of the genus (L. nigromaculatus and L.

microlepis) that have been recorded from Australia. The species has not been collected, so far as we

know, in other parts of the Indian Ocean. That only a single specimen was collected suggests that its
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Figure 36. Liicigadus ori (Smith). RUSl 4323 (20 cm TL) from off Natal, South Africa. (From Iwamoto 1986, fig. 93.32.)

occurrence in Australia is rare. The more cool-temperate species L. nigromaculatus appears to be

relatively common in waters off Tasmania, Victoria, and New South Wales, as well as off New
Zealand. It will probably be found along the south coast of Western Australia with more extensive

collecting.

MalacocephalusGuni\ier^\%61

See Iwamoto ( 1 990) for generic diagnosis. Several nominal species, but probably only four or

five valid. One wide-ranging, worldwide species found off Australia.

Malacocephalus laevis (Lowe, 1843)

Fig. 37

Malacocephalus laevis: Giinther, 1862:397.

Macrunis {Malacocephalus) laevis: Giinther, 1887:148, pi. 39, fig. B).

Diagnosis (after Iwamoto 1 990).—Snout 26-3 1% HL; distance from orbit to angle ofpreopercle

41-47% HL. Premaxillary teeth in 2 distinct rows; 1 row of widely spaced canine teeth on mandible.

Dorsal fin spine smooth; first dorsal fin rays 11,9-13; pectoral fin rays il5-i2l; pelvic fin rays 8—9

(usually 9).

Specimens Examined.— WA: CSIRO H2573-1 8 (4, 56.5-82.4 mm HL, 298-450 mm TL) and

CSIRO H2573 (72.5 HL, 380 TL); off Shark Bay; 690-691 m; SS 1/9 1/36.

Counts and Measurements (based on 5 WA spec).— 1 D. II, 1 0-1 2; P. i 1 8; V. 8-9; total GR-I

(outer/inner) 6-9/10-13, GR-II 8-11/8-11; scales ID. 15.5-18.5, midbase ID. 13.5-16.5, 2D.

15.5-16.5.
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10 cm
Figure 37. Malacocephalus hievis (Lowe). CSIRO unregistered, from southern Australia.

Total length 298-450 mm; HL 56.5-82.4 mm. The following in percent ofHL: postrostral 75-78;

snout 26-28; preoral 16-18; intemasal 18-21; interorb. 26-32; orb. 32-37; suborb. 12-13; postorb.

42-45; orb.-preop. 41^3; up.jaw 46-48; barbel 1^20; gill slit 23-27; pre-A. 123-140; pre-vent

1 14-1 32; V.-A. 22-27; isth.-A. 55-62; body depth 79-88; depth at A. 75-87; 1 D.-2D. 47-63; ht. 1 D.

52-60; len. 46-59; len. V. 27-35; post, nostril 6-8; rictus len. 39-41.

Description.— Gomon, Glover, and Kuiter (1994) give a recent description of material

collected from southern Australia.

Size.— To about 60 cm TL.

Distribution.— Widespread, probably cosmopolitan in warm waters of the Atlantic Ocean,

Indian Ocean, and Pacific Ocean. Reported off Australia from WA, NSW, and QLD, but probably

distributed across entire southern coast.

Comparisons and Remarks.— Malacocephalus laevis is the only member of the genus thus

far recorded from Australian waters. The genus comprises seven nominal species, although the close

similarity ofM hawaiiensis Gilbert, 1905 and M. luzonensis Gilbert and Hubbs, 1920 to M. laevis

casts some doubt on their validity. Small differences in scale counts between Atlantic and Indian

Ocean populations and fish from the Pacific have been noted (Iwamoto 1990), but there appear to be

no other reliable characters for differentiating the species. Malacocephalus nipponensis Gilbert and

Hubbs, 1916 apparently lacks the scale patch on the gular membrane present in (well-preserved)

specimens ofM laevis. The three remaining species, M. occidentalis Goode and Bean, 1885, M.

okamurai Iwamoto and Aral, 1987, and M. boretzi Sazonov, 1985, are distinct. A key to species was

provided by Iwamoto (1990:240, 241).

Mataeocephalus Berg, 1898

The genus includes five nominal species, but two or more undescribed ones are known, including

a species with six branchiostegal rays reported by Iwamoto and Merrett (1997) from New Caledonia

and now recorded from Australia. A revision of the genus is planned by Y. I. Sazonov (ZMMGU)
and Y. N. Shcherbachev (lOAN).

Key to Species of Mataeocephalus from Western Australia

la. Branchiostegal rays 7; underside of head naked; pelvic fin rays usually 8; anus closer to anal fin than to pelvic

insertions M. acipenseriniis

lb. Branchiostegal rays 6; underside of head mostly scaled; pelvic fin rays 7; anus closer to pelvic fin insertions than to

anal fin A/, sp.
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Mataeocephalus acipenserinus (Gilbert and Cramer, 1897)

Fig. 38

Coelocephalus acipenserinus Gilbert and Cramer, 1897:422, 423 (Hawaii).

Mataeocephalus acipenserinus: Berg, 1898:41 (replacement name for Coelocephalus, preoccupied in Coleop-

tera). Sazonov and Iwamoto, 1992:70, 71 (Sala y Gomez Ridge). Iwamoto and Merrett, 1997:533, 534, fig.

26 (New Caledonian region).

Diagnosis.— Underside of head mostly naked. Serrations on second dorsal fin spine developed

and widely spaced. Jaw teeth in short bands. Anus at posterior end of broad periproct region situated

close to anal fin. Pectoral fin rays i 19-125; pelvic fin rays 8.

Specimens Examined.— WA: CSIRO H2542-30 (3, 48.5-49.2 mm HL, 20^240 mm TL)

Exmouth Plateau; 85^868 m; SSl/91/3. CSIRO H2549-14 (43.6 HL, 178 TL); w. of NW Cape

SSl/91/10; 650-685 m. CSIRO H2572-12 (3, 44.5^9.1 HL, 185-297 TL); w. of Dirk Hartog I.

874-882 m; SSl/91/35. CSIRO H2580-08 (7, 39.2-^6.0 HL, 170-190 TL) and CSIRO H2580-07

(44.2 HL, 175 TL); sw. of Shark Bay; 713-714 m; SSl/91/43.

Counts and Measurements (based on 12 spec).— ID. 11,7-9; P. il9-i24; V. 8; total GR-I

(inner) 5-7, GR-II (outer/inner) 6-7 (usually 7)/6-8; scales ID. 5-6, 2D. 4.5-6.

Total length 1 70-245 mm; HL 39.2-49.2 mm. The following in % HL: postrostral 59-69; snout

36-41; preoral 30-41; intemasal 20-24; interorb. 20-23; orb. 25-32; suborb. 13-16; postorb. 31-36;

orb.-preop. 29-34; up.jaw 18-23; barbel 4-5; pre-A. 126-147; pre-vent 1 16-137; body depth 53-59;

depth at A. 41-57; 1D.-2D. 26-37; len. P. 40^6; len. V. 40-46; post, nostril 6-13; rictus len. 14-17.

Description.— Snout long, moderately depressed; suborbital ridge with a row of well-devel-

oped, coarsely spinulated scales; snout forming a broad, triangular leading edge with prominent bifid

terminal scute. Mouth small, inferior, extending approximately between levels of anterior margin and

midline of orbit. Upper jaw length less than orbit diameter.

Premaxillary teeth in short, broad, oval-shaped bands; mandibular teeth in crescent-shaped band.

Teeth long, fine; none enlarged.

Opercular openings relatively small; gill filaments well developed; gill rakers on first arch blunt,

tubercular, with a few small distal spines.

Serrations on second spinous ray of first dorsal fin poorly developed and widely spaced; second

dorsal fin poorly developed. Pectoral and pelvic fins of similar length; outer rays in both fins

moderately prolonged.

Body lacking prominent markings; overall coloration variable, ranging from pale to dusky.

Mouth region bluish in dusky specimens, cream colored in pale specimens. Upper jaw blackish

anteriorly, lower jaw dusky to dark; median nasal processes dusky to dark; buccal cavity dark;

posterior region of opercular cavity blue-black. Fin color variable pale to dark; pelvic bases dark.

Size.— To about 25 cm TL.

Distribution.— Recorded in the Pacific from the Hawaiian Islands (type locality) and Sala y
Gomez Ridge (Sazonov and Iwamoto 1992), and believed to be widespread in Pacific and Indian

Oceans (Y. I. Sazonov, pers. comm. with AW, 1 995). We took numerous specimens offWA between

20°S and 29°S, in 650-945 m depth.

Comparisons and Remarks.— Mataeocephalus specimens collected off WA were nearly

inseparable from M. acipenserinus based on comparison with type material and the accounts ofGilbert

and Cramer (1897), Gilbert (1905), Iwamoto (1990), and Sazonov and Iwamoto (1992). The only

notable difference was reduced development of the terminal scute on the snout in the WA specimens

compared to the type material. Of note was the high degree of variation in color in our specimens.

The pelvic and anal fins, branchiostegal membranes, and fianks ranged from darkly pigmented to pale

or virtually unpigmented. Some color variation may be due to variable abrasion of skin and fins in

the trawl, since M. acipenserinus has highly deciduous scales and rather delicate skin. This is borne
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out by the absence of scale pockets in many light-colored fish. There were no differences in counts

or measurements between dark and lightly pigmented fish and no correlation with depth, latitude, or

station. Coloration differences were also noted by Gilbert (1905) in specimens from Hawaii.

Mataeocephalus sp.

Fig. 39

Mataeocephalus sp. Sazonov and Shcherbachev MS: Iwamoto and Merrett, 1997:534, 535, fig. 27 (New

Caledonian region).

Diagnosis.— Branchiostegal rays 6; underside of head mostly scaled; pelvic rays 7; periproct

removed from anal fin, anus closer to pelvic fin insertions than to anal fin origin.

Specimen Examined.^ WA: CSIRO H2549-13 (1 spec); w. of NW Cape; 650-685 m;

SSI/91/10.

Size.— To at least 23 cm TL.

Distribution.—WA and New Caledonian region, 412-970 m.

Comparisons and Remarks.— This specimen represents an undescribed species that has been

recorded from the New Caledonian region by Iwamoto and Merrett (1997) and is known from other

areas in Australia (personal records, TI). Its six branchiostegal rays, as opposed to seven in all other

members of the genus, place it in a questionable position in the genus and obscures the differences

between the genera Mataeocephalus and Hyomacntrus Gilbert and Hubbs, 1920.

Mesobius Hubbs and Iwamoto, 1977

The two widely distributed species in the genus are known to be at least partially bathypelagic

(based on trawls fished in midwaters) and have peculiar, distinctive squamation on the head. The

scales there are elongate and aligned, each bearing 1-3 rows of spinules that form low, sharp ridges.

For a complete diagnosis see the original description or Iwamoto (1979).

Key TO Species of Mesobius

la. Pelvic tin rays 6-7; inner gill rakers on second arch 12-16 M. antipoduni

lb. Pelvic fin rays 7-9; inner gill rakers on second arch 10-12 M.henyi

Mesobius antipodum Hubbs and Iwamoto, 1977

Fig. 40a

Mesobius antipodum Hubbs and Iwamoto. 1977:245, 246 (New Zealand, e. of South I.; 995-1,1 10 m). Arai,

1979:28(^-289 (12 spec.. New Zealand off Chatham Rise and Pukaki Rise; 860-1,050 m). Shcherbachev et

al.. 1979:19-22 (Indian Ocean, Atlantic Ocean; comparison ofM benyi and M. antipodum).

Diagnosis.— Posttemporal region with differentiated squamation extending posteriorly of

vertical through origin of pectoral fin base. Outer margin of gill cover notably incised at subopercle.

Total inner rakers on first gill arch 12-15, on second arch 12-16.

Specimens Examined.— WA: CSIRO H3010-03 (2, 107-1 10 mm HL, 510-580 mm TL);

35°07'S, 1 15°0rE, 945 m; Akebono Maru No. 3, shot 10, 23.12.1989, coll. A. Williams. CSIRO

H3008-02 (131.6 HL, 670+ TL); sw. of Albany; 35°25'S, 1 17°2rE, 842 m, Akebono Maru No. i,

shot 8; coll. A. Williams; 22.12.1989.

Counts AND Measurements (based on 3 spec).— ID. 11,9-10; P. il3-il4; V. 7; total GR-I

(outer/inner) 7-10/13, GR-II 13-14/13; scales ID. 12-13, midbase ID. 6-7, 2D. 9.5-10.5.
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Figure 38. Mataeocephalus acipemerhms (Gilbert and Cramer). CSIRO H5272-12 (CSIRO H2572-12 (45 mm HL, 187

mm TL) from off Shark Bay. WA, in 874—882 m. Drawn by Georgina L. Davis.

Figure 39. Mataeocephalus sp. (From Iwamoto and Merrett 1997, fig. 27.)

Total length 510-670 mm; HL 107.0-131.6 mm. The following in percent of HL: postrostral

74-77; snout 30-31; preoral 18-21; intemasal 26-29; interorb. 33-34; orb. 26-30; suborb. 14-16;

postorb. 48^9; orb.-preop.47-49; up.jaw 44-47; gill slit 15-19; pre-A. 104-1 13; pre-vent 96-103;

V.-A. 15-19; isth.-A. 32-37; body depth 79-87; depth at A. 78-87; 1D.-2D. 58-61; ht. ID. 47 (1

spec.); post, nostril 4 (1 spec); rictus len. 34—38.

Description.— Adequate descriptions are provided in the original description and the more

recent accounts of Arai ( 1 979), Shcherbachev et al. ( 1 979), and Gomon et al. ( 1 994).

Size.— To 67 cm TL.

DISTRIBUTION.— Widely distributed in the southern hemisphere: southern Atlantic Ocean off

South Africa, Indian Ocean, Southern Ocean off southern Australia, southern Pacific Ocean offNew
Zealand.

Comparisons and Remarks.— The two species ofMesobius may be differentiated by counts

of pelvic fin rays and gill rakers: for M. antipodum and M. benyi, respectively, pelvic fm rays 6-7
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cf. 7-9, and inner rakers on second gill arch 12-16 vs. 10-12. Overall body size and development of

the head may also be useful for field identifications. The largest reported size ofM antipodum (67

cm TL) is considerably greater than the size attained by M. benyi (42 cm TL); M. antipodum has a

relatively well-developed and bulbous head, whereas the head of M. benyi is relatively slender.

Mesobius antipodum is possibly a pelagic species (see also comments under M. benyi), but thus

far most specimens have been taken by demersal trawls.

Mesobius berryi Hubbs and Iwamoto, 1977

Fig. 40b

Diagnosis.— Posttemporal region with differentiated squamation not extending posteriorly of

vertical through origin of pectoral fin base. Outer margin of gill cover not notably incised at

subopercle. Total inner rakers on first gill arch 10—13; inner rakers on second arch 10—12.

Specimens Examined.— WA: CSIRO H2623-02 (76.0 mm HL, 375 mm TL); w. of Cape

Freycinet; 1,225-1,240 m; SSl/91/92.

Counts and Measurements (based on 1 WA spec).— 1 D. 11, 1 0; P. i 1 3; V. 8-9; total GR-1

(outer/inner) 8/1 1,GR-II 10/10.

^^^'
i^'

Figure 40. (a) Mesobius antipodum Hubbs and Iwamoto. CSIRO H30iO-03, from south of Cape Leeuwin, WA, in 945 m.

(b) Mesobius benyi Hubbs and Iwamoto. CSIRO H2623-02 (76 mm HL, 375 mm TL) from off Perth, WA. in 1225-1240 m.

Drawn by Georgina L. Davis.



192 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES
Volume 51, No. 3

The following in percent of HL: postrostral 59; snout 20; preoral 12; internasal 17; interorb. 22;

orb. 24; suborb. 10; postorb. 37; orb.-preop. 37; up.jaw 37; gill slit 14; pre-A. 75; pre-vent 72; V.-A.

10; isth.-A. 20; body depth 63; depth at A. 58; 1D.-2D. 34; len. V. 23; post, nostril 5; rictus len. 39.

Description.— Adequate descriptions are provided in the original description and by Iwamoto

(1979).

Size.— To 41 cm TL.

Distribution.— Indian Ocean, and central and northeastern Pacific Ocean.

Comparisons and Remarks.— Although our specimen and those of Shcherbachev et al.

(1979) were taken by demersal trawling, the species is thought to be primarily bathypelagic (Hubbs

and Iwamoto 1977). For comparison of Mesobius species, see remarks forM. antipodum.

A^^^Mw/a Jordan, 1904

This genus includes more than 40 species, some of which when more closely studied are likely

to be assigned to other genera. Shcherbachev etal. (1992) and Iwamoto and Sazonov (1994) recently

revised, respectively, the genera Kuronezumia and Kumba to include several species previously

considered as belonging to Nezumia. Many genera within this group of seven-branchiostegal-rayed

grenadiers are inadequately diagnosed, and the distinctions between genera are often hazy and based

on subjective or plesiomorphic characters. A thorough phylogenetic analysis ofgrenadiers with seven

branchiostegal rays is needed to resolve the proper status of the included taxa.

The genus Nezumia is represented in waters off Western Australia by seven species. Nezumia

namatahi McCann and McKnight, 1 980 and Nezumia coheni Iwamoto and Merrett, 1 997 are included

in the key to species even though they have yet to be recorded from Western Australia. The former

is a common species offNew Zealand and the Australian east coast, but its farthest westward capture

is the eastern part of South Australia. The latter species is common in New South Wales. The

likelihood of the known ranges of these species extending into Western Australian waters and the

possibility of specimens of the two species being confused with other species known from Western

Australia prompt their inclusion in the key.

Key TO Australian Species of Nezumia

la. Pelvic fin rays 8 or 9, if 9, no dark band encircling trunk 2

lb. Pelvic fm rays 9-18, if 9, trunk encircled by a broad dark band 3

2a. Scale rows below origin of ID. 10—13, below 2D. 7.5—1 1; pores on underside of head prominent; lip margins black-

ish anteriorly, pale towards jaw angle N.spinosa

2b. Scale rows below origin of ID. 7-7.5, below 2D. 6.5-7.5; pores on underside of head inconspicuous; lip margins

black to jaw angles N. merrelti n.sp.

3a. Pelvic fin rays 14-17 A', propiiu/iia

3b. Pelvic fin rays 9-12 4

4a. Tip of tail posteriorly from about 90th anal fin ray completely pale; scales below origin of second dorsal fin 10-11

N. leiicoura n.sp.

4b. Tail lacking prominent pale tip; scales below origin of second dorsal fin 5.5-9.5 5

5a. Underside of snout completely scaled; orbit to preopercle distance 38-44% of HL N. wnlaniia n.sp.

5b. Underside of snout broadly naked; orbit to preopercle distance 33-44% of HL 6

6a. ADW about on line with pelvic fin insertions; dorsum rather uniformly pigmented, although area above abdomen

often slightly darker 7

6b. ADW well posterior to line connecting pelvic fin insertions; dorsal aspects of trunk more darkly pigmented than

comparable areas on tail (and usually nape), forming complete dark band around trunk 8

7a. Total GR-I (outer/inner) 9-12/1 1-13; orbit to preopercle distance 3S-38% of HL N. soda n.sp.

7b. Total GR-I (outer/inner) 6-9/9-1 1; orbit to preopercle distance 38-44% of HL N. coheni

8a. Pelvic fin rays 9-10; sensory pores on underside of head prominent N. namatahi

8b. Pelvic fin rays 1 1-12; sensory pores on underside of head small N. kapala n.sp.
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Nezuntia kapala new species

Fig. 41

No literature applies to this species.

Diagnosis.— Pelvic fin rays 1 1-12; height first dorsal fin 86-109% of head length; underside

of snout naked posteriorly to below about mid-orbit, pores of lateralis system small, inconspicuous;

body scales covered with slender, conical to lanceolate spinules in slightly convergent rows; 7.5-9.5

scale rows below origin ofsecond dorsal fin, 33—38 lateral line scales over distance equal to predorsal

length; trunk encircled by broad dark band, sometimes poorly defined; first dorsal fin all black to

black anteriorly and dusky posteriorly; anterior dermal window of light organ about on or well

posterior to line connecting pelvic fin insertions; distance orbit to angle ofpreopercle 34—39% of head

length; length upper jaw 26-33%; gill rakers on inner side of first arch 8-10.

Specimens Examined.— NSW: Holotype: AMS 1.24993-008 (52.6 mm HL, 335 mm TL);

off Broken Bay; 1,043-1,070 m; K84-1 6-14. Paratypes: AMS 1.24059-006(4 of 6 spec. ,48. 1-54.2

HL, 318-358+ TL); off Broken Bay; 933-969 m; K8003-09-02. AMS 1.24993-008 (57.1 HL, 367+

TL); same data as for holotype. CAS 200228 (formerly AMS 1.24150-006) (51.1 HL, 343 TL); off

Broken Bay; 988-1,020 m; K83- 13-01. AMS 1.25265-002 (4, 45.5-60.0 HL, 277+^02+ TL); se. of

Broken Bay; 1,024-1,245 m; K84- 19-04. AMS L2 1724-005 (52.8 HL, 320 TL); e. of Broken Bay;

1,006 m; K79-20-15. AMS L24060 (45.2 HL, 290+ TL); off Sydney; 942-960 m; K83-09-01 . AMS
1.24057-001 (4, 39.4-61 .7 HL, 212+-394+ TL); se. of Kiama; 951-978 m; K83-09-04. TAS: CSIRO

H2865-04 (43.7 HL, 255 TL); Pedra Branca area; 44°22.6'S, 147°08.6'E; 1,060-1,170 m; Belinda;

12.11.1992. WA: NMV A6195 (56.5 HL, 366 TL); 34°35.5'S, 121°14'S; 1,015-1,030 m; Saxon

Progress; 17.VIII.1988. CSIRO H3008-11 (48.2 HL, 320 TL); sw. of Albany; 35°25'S, lI7°2rE;

842 m; Akebono Maru No. 3, shot 8; 22.XII.1989. CSIRO H.2584-21 (30.9 HL, 148+ TL); w. of

Shoal Point; 853 m; SSl/91/49.

Counts and Measurements (holotype first, followed by range in 24 paratypes).— ID. IL9,

11,8-10 (11); P. 120/120, il8-i22; total GR-I (outer/inner) 9/10, 6-8/8-10, GR-II 9/11, 8-9/8-11;

scales ID. 10, 8-12, midbase ID. 7.5, 5.5-7.5 8.5, 2D. 9.5, 7.5-9.5, lat.line 36, 33-38.

Total length 335 mm, 148+^10+ mm; HL 52.6 mm, 30.9-67.0 mm. The following in percent

of HL: snout 33, 27-34; preoral 27, 23-31 (33); intemasal 25, 21-25 (27); interorb. 22, 18-25; orb.

30, 29-33 (35); suborb. 1 5, 14-1 7; postorb. 41 , 40-45; orb.-preop. 35, 34-39; up.jaw 27, 2^3 1 (33);

barbel 14, 1 1-20; gill slit 12, 10-14; pre-A. 150, 146-167; V.-A. 44, 35-52; body depth 77, 69-92;

1D.-2D. 54, 28-60; ht. ID. 87, 86-109; len. IP. 55, 52-64; len. V. 51, 45-67; post, nostril 8, 4-9.

Description (of holotype, with comments on paratypes in parentheses).— General features of

fish seen in Figure 41 . A slender fish, head more than 6 times, greatest body depth more than 7 times,

into total length. Snout conically pointed in lateral view; bluntly angular in dorsal view; about equal

to orbit diameter; tip armed with a large, broad, bifid scutelike scale; lateral angles also studded with

stout spiny scales. Mouth subinferior, jaws short, less than one-third head length; posterior end of

maxilla falls about under mid-orbit. Chin barbel well developed but short, least width about half orbit

diameter. Suborbital shelf formed of 2 rows of stoutly modified scales; the lower row forming a rather

sharp angular ridge. A broad median swath of naked skin under snout, but almost all of suborbital,

preopercle, and lower jaw scaled. Exposed posterior tip of subopercle scaled. Preopercle broadly

rounded, chord of posterior margin vertical.

Exposed fields ofbody scales covered with sharp, slender, conical to narrowly lanceolate spinules

aligned in 1 1-15 slightly convergent rows (number of rows size dependent).

Teeth in broad tapered bands in both jaws; upper jaw teeth somewhat larger than those of lower

jaw, outer series enlarged.
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F[CURE 4 \.Ne:umia kapala n.sp. Holotype, AMS 1.24993-008 (335 mm TL), from off Broken Bay, NSW. in

m. Fins and scales partially reconstructed. Scale bar represents 25 mm.
.043-1,070

First dorsal fin high, less than head length in holotype (more than head length in several

paratypes); second spinous ray heavy, slightly recurved, leading edge armed with about 22 small sharp

denticles. Second dorsal fin rudimentary over anterior half or so, rather low over posterior half. Outer

pelvic fin ray slightly prolonged, extending posteriorly to about 4th or 5th anal ray. Pectoral and pelvic

origins about on same vertical; origin of first dorsal behind that vertical. Anal fin well developed

throughout.

Periproct region moderately developed; anus about midway between pelvic insertions and anal

origin; ADW small, lying well posterior to line connecting pelvic insertions (in one paratype, AMS
1.24060-023, ADW about at level of line).

Ground color pale to dark brown overall, with entire trunk region encircled by broad dark band.

Ventral aspects of chest, opercle, and all of abdomen (to above 12th or so anal ray) black to bluish

black; somewhat paler on dorsum and nape but still distinctly darker than head and posteriorly on

tail. First dorsal fin all black (in most specimens, somewhat paler posteriorly in some). Pectoral,

pelvic, and anteriormost rays of anal fins black; anal fin dark dusky posteriorly. Gular and bran-

chiostegal membranes black; mouth and lips dark; gill chamber black; gill arches and rakers dark;

barbel pale.

Size.— To about 41 cm TL.

Distribution.— Australia, from NSW off Norah Head (33°32'S) south to TAS, and west to

WA, west of Shoal Point (28°S) in 842-1,243 m.

Etymology.— Named for the former New South Wales Fisheries research vessel, the Kapala,

on which the holotype and many other grenadiers from New South Wales were collected.

Comparisons and Remarks.— Nezumia kapala is very similar in overall morphology to A^.

namatahi, a species formerly known only from off New Zealand but known from our records from

off the southeast coast of Australia. The two species are sympatric, with individuals of both species

having been captured together (and confused) in numerous trawls. The most readily apparent

difference between the two lies in the pelvic fin ray count: 1 1 or 12 in the new species, 9 or 10 in M
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namatahi (see Table 5). Other differences include the broadly lanceolate to shield-shaped spinules in

N. namatahi and the large pores on the underside of head, which are absent or small in the N. kapala.

Neziimia kapala is also closely similar to A^. soela, but the two can be distinguished by the latter

having a more anterior position of the periproct and ADW, absence of a completely encircling dark

band on trunk, slightly higher gill raker counts on the first arch (9-12 cf. 6-8 in outer series, 1 1-13

cf. 8-10 in inner series), and slightly shorter postorbital length (37^0% HL cf. 40-45%). Another

species from NSW and New Caledonia, /V. coheni Iwamoto and Merrett, 1 997, differs from N. kapala

in lacking a complete, dark trunk girdle, ADW at or slightly anterior to line connecting pelvic

insertions, and a somewhat greater orbit-preopercle distance (38-44% HL cf. 34^0%).

Nezuntia leucoura new species

Fig. 42a

Diagnosis.— Pelvic fin rays 1 1-12; height first dorsal less than head length; underside of head

including lower jaw naked, without prominent sensory pores; scales covered with tiny spinules in

parallel to slightly convergent rows; 10-1 1 scale rows below origin of second dorsal fin, about 50

lateral line scale rows from anterior origin over distance equal to predorsal length; dark color of trunk

confined to abdomen, not extending onto dorsum; first dorsal fin pale with blackish tip; anterior

dermal window of light organ small, situated between pelvic fin bases; tip of tail distinctly pale over

posterior 1/4-1 /5th of fin, from about 90th (88th-l 10th) anal ray.

Specimens Examined.— WA: Holotype: AMS 1.31181-012 (38.4 mm HL, 208+ mm TL);

sw. of Shoal Point; 853-854 m; SS 1/91/49. Paratypes (32 spec): AMS 1.131 181-012 (3,33.0-42.0

HL, 163+-223+ TL), AMS 1.31 170-005 (4, 18.7-26.8 HL, 103+-170 TL) and CAS 200230 (35.3

HL, 210+ TL); same data as for holotype. NMV A9543 (7, 32.6-38.0 HL, 155-216 TL); CSIRO
H2573-12 (170 TL), H2573-13 (6, 120-170 TL); w. of Steep Pt.; 691 m; SSl/91/36. CSIRO
H2579-03 (190 TL); sw. of Shark Bay; 688 m; SSl/91/42. CSIRO H2596-05 (215 TL), H2596-06

(5, 200-220 TL); wnw. of Green Head; 760 m; SSl/91/62.

Counts and Measurements (holotype first, followed by range in 1 3 paratypes).— 1 D. II, 1 3,

11,11-13; P. 121, 120-123; V. 12, 11-12; total GR-I (outer/inner) 12/10, 8-12/9-11, GR-II 9/10,

8-10/9-11; scales ID. 16, 14-15, midbase ID. ?, 8.5-10.5, 2D. ? , 10-1 1, lat.Iine 51, 45-53.

Total length 208 mm, 103+-223+ mm; HL 38.4 mm, 18.7^2.0 mm. The following in percent

of HL: snout 27, 25-32; preoral 22, 17-24; intemasal 23, 21-28; interorb. 21, 20-25; orb. 34, 32^3;

suborb. 14, 1^16; postorb. 42, 40-45; orb.-preop. 38, 33^0; up.jaw 36, 33-39; barbel 21, 19-26;

gill slit 14, 13-20; pre-A. 156, 141-158; V.-A. 44, 36-52; body depth 94, 82-97; 1D.-2D. 40, 3^76;

ht. ID. 81, 80-97; len. P. 57, 52-58; len. V. 57, 52-69; post, nostril 3, 3-6.

Description.— General features of holotype shown in Figure 42a. Snout short, vertical profile

relatively steep, length less than diameter of large orbits, protruding little beyond mouth. Jaws

relatively large for genus, upper jaw usually more than one-third head length, extending posteriorly

to below mid-orbit or slightly beyond. Suborbital shelf stout, formed oftwo series ofmodified scales,

the lower series with notably stout and coarse scales, the upper series of small and rather weak scales;

ventral edge of lower series forming a sharp ridge. Underside of snout, suborbital, and mandibular

rami naked; sensory pores of head rather well developed. Preopercle broadly rounded, posterior

margin almost vertical. Subopercle scaled and exposed only at posterior end. Chin barbel slender but

well developed, length about equal to interorbital width. Gill arches restricted by membranes across

lower extent.

Body scales small, rather deciduous; exposed fields covered with tiny conical spinules in 1 1-14

parallel to slightly convergent rows in holotype.

Teeth small, in moderately wide bands in both jaws; outer series in upper jaw slightly enlarged.
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Height first dorsal fin less than head length, leading edge ofsecond spinous ray armed with small,

widely spaced denticulations; second dorsal fin rays rudimentary almost entire length of fin. Pectoral

and pelvic fins in advance of first dorsal fin; pectoral fin slightly more than half head length; pelvic

fin short, prolonged outer ray scarcely extends to origin of anal fin in holotype, to as far as 8th anal

ray in paratypes.

Periproct region large, well removed from anal fin, close between pelvic fins; anterior dermal

window small, between pelvic fin bases and anterior to line connecting insertions of fins. Pyloric

caeca of four paratypes short (slightly longer than least suborbital width), mostly branched into pairs,

24, 28, 30, and 31 in number.

Ground color somewhat grayish to tawny, swarthy on underside of head but whitish under snout,

blackish over operculum and ventrally around chest, pelvic fins, and anus; bluish over abdomen; no
broad band of dark pigment encircling trunk; tip of tail posteriorly from about 90th anal ray (88th to

1 10th in paratypes) pale, lacking normal pigmentation of tail. First dorsal fin black on membrane
between second spinous ray and first branched ray, the tips of next few rays black; pectoral fin dusky

at base, pale over most of rays, lightly dusky towards tip, narrow dorsal edge dark; pelvic fins mostly

black, but outer ray and distal tips paler; anal fin pale or faintly speckled anteriorly, becoming dusky

posteriorly. A broad horizontal streak from upper lip onto membrane between premaxilla and maxilla.

Chin barbel pale. Mouth lining dark except pale at angles ofjaw; gums pale. Gill rakers and arches

dark.

Size.— To about 23 cm TL.

Distribution.— Known only from WA, from about 26°S to about 30°S, in 688-854 m.

Etymology.— From the Greek, leukos, white, and oura, tail.

Comparisons and Remarks.— This small species appears to be confined to a short stretch of

continental slope off Western Australia. In its morphology it is a fairly typical member of the genus,

especially those found in shallow upper-slope waters of tropical seas. It is unique, however, in having

a pale tail tip, which distinguishes it from all other known species of Nezumia. It is most likely to be

confused with A^. propinqua and A^. evides, with which it shares a small adult size, black-tipped first

dorsal fin, relatively high pelvic fin ray count, short snout, small scales covered with short, conical

spinules, and the absence of a dark girdle around the trunk. The pale tail and counts of pelvic rays

and scale rows below the first dorsal origin, however, readily distinguish TV. leucoura from A'.

propinqua and N. evides.

Nezumia merretti new species

Fig. 42b

Nezumia sp. B: Williams et al., 1996: 149 (in part; WA list).

Diagnosis.— Pelvic fin rays 9; underside of head almost completely naked, pocketed with

prominent pores; body scales covered with moderately long, needlelike spinules in mostly parallel

(to slightly convergent) rows, spinules overlap posterior scale margin slightly; 6.5-7.5 scale rows

below origin ofsecond dorsal fin; lowerjaw teeth in broad, short band; abdomen light bluish, dorsally

on trunk dirty straw-colored or tawny; first dorsal fin dusky overall; anterior dermal window of light

organ between pelvic fin bases.

Specimens Examined.— WA: Holotype: CSIRO H2584-20 (54.2 mm HL, 245+ mm TL);

w. of Shoal Point; 853 m; SSl/91/49. QLD: Paratype: CSIRO H1966-01 (39.9 HL, 202+ TL);

Marian Plateau, e. of Townsville; 879-886 m; S06/85/36.

Counts and Measurements (holotype first, followed by paratype).— ID. 11,10, 11,10; P.

122/121, 122/121; total GR-I (outer/inner) 10/12, 1 1/12; total GR-II 11, 11/13, 11/12; scales ID. 7.5,

7.0, midbase ID. 5.5, 6.5, 2D. 7.5, 6.5, laLline 35, 39.
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The following in percent of HL: snout 33, 36; preoral 24, 3 1 ; intemasal 1 9,—; interorb. 2 1 ,—

;

orb. 30, 30; suborb. 13, 13; postorb. 40, 38; orb.-preop. 36, 33; up.jaw 31, 28; barbel 15, 8; gill slit

16, 14;pre-A. 157, 145; V.-A. 41, 30; body depth 81, 73; 1D.-2D. 39, 30; len. IP. 54, 53; len. V. 76,

55; post, nostril 7, 1 1.

Description.— General features shown in Figure 42b. Body and head laterally compressed;

dorsal profile rises smoothly from snout tip to first dorsal fin. Snout broadly triangular in dorsal view,

tipped with large, blunt bifid scute, tubercular scales at lateral angles not prominent. Suborbital shelf

composed of two rows of stout, coarsely spinulated, modified scales. Underside of snout, most of

suborbital, and mandible naked; lower margin of preopercle narrowly naked; interopercle scaled at

exposed posterior end; pores on underside of head relatively large. Upper jaw extends to below

posterior one-third of orbit. Preopercle broadly rounded, although somewhat angular at posteroventral

comer.

Body scales relatively large, densely covered with small, needlelike spinules aligned in 16-18

parallel to slightly convergent rows in holotype (fewer rows in smaller paratype). Spinules reclined

at about 35-^5° angle, those along posterior margin of scale slightly overlapping edge.

Teeth in both jaws in broad bands, lower jaw band broader, shorter, and more abruptly tapered

laterally. Outer teeth series in upper jaw slightly enlarged; lower jaw teeth uniformly small.

Tips of first dorsal fin rays in holotype and paratype broken off; leading edge of second spinous

ray armed with small, widely spaced denticles. Most pelvic fin rays fall short of, but outer ray

prolonged well beyond, anal fin origin.

Anterior dermal window of light organ prominently developed, situated between pelvic fin bases.

Periproct region large, far removed from anal fin origin.

Color in alcohol dirty-straw overall, abdomen light bluish, but blackish in vicinity of periproct

and ADW. Gill cover and gill membranes blackish. Lips and membrane connecting maxilla and

premaxilla blackish; gill and oral cavities dark gray to blackish. First dorsal fin dusky overall; pectoral

fin light dusky with black basal segment; pelvic fin black; anal fin dark dusky anteriorly, paler

posteriorly. Chin barbel pale.

Size.— To about 25 cm TL.

Distribution.— Known only from two specimens from WA and QLD, in 853-860 m.

Etymology.— Named in honor of our friend and colleague, Nigel R. Merrett. in recognition

of his contributions to deep-sea biology.

Comparisons AND Remarks.— Nezumia merretti is closely similar in most features to Nezu-

mia spinosa. They can be separated by the larger scales of the new species, color of the first dorsal

(overall dusky in the new species, blackish anteriorly in N. spinosa), spinules on body scales (shorter

and do not overlap posterior margin as extensively and in more tightly parallel rows in the new
species), and head pores (more prominent in A', spinosa). Characters given in the key readily separate

the new species from other congeners from WA. Nezumia holocentra (Gilbert and Cramer, 1 897) and

N. burragei (Gilbert, 1905) from Hawaiian waters also share many characters with the new species

and N. spinosa, including similar teeth bands, scale spinulation, terminal snout scute, naked underside

of head, and high first dorsal fin. The two Hawaiian species, however, have a shorter, blunter snout;

in yv. holocentra the barbel is shorter, and in N. burragei the scales are smaller (about 1 5 below 1 D.,

13 below 2D., 46 lateral line scales over predorsal distance).

Nezumia propinqua (Gilbert and Cramer, 1897)

Fig. 43a

Macrourus propinquiis Gilbert and Cramer, 1897:424, 425, pi. XLII, fig. 2 (Hawaii).

Nezumia propinqua: Sazonov and Iwamoto, 1992:72-74, figs. 27, 28a (Sala y Gomez Ridge; extended

synonymy). Iwamoto and Merrett, 1997:541, 542, fig, 29a (New Caledonia region).
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Diagnosis.— Pelvic fin rays 13-17; height first dorsal fin 97-1 13% of head length; underside

of snout, suborbital, and lowerjaw naked; sensory pores in naked areas small but readily discernible;

body scales covered with needlelike spinules in as many as 1 0-1 2 parallel to slightly convergent rows;

8.5—10 scale rows below origin of second dorsal fin, 36-42 lateral line scales over distance equal to

predorsal length; no dark band encircling trunk; distal 1/3 to 3/4 of first dorsal black; anterior dermal

window of light organ slightly in advance of line connecting pelvic fin insertions.

Specimens Examined.— WA: CSIRO H2541-14 (31.4 mm HL, 160+ mm TL); Exmouth

Plateau; 914 m; SSl/91/02. CSIRO H2549-17 (2, 30.0-31.5 HL, 160+-190 TL); w. of NW Cape;

650-685 m; SSl/91/10. CSIRO H2553-14 (2, 28-32.8 HL, 120+-173+ TL); w. of Pt. Cloates; 910

m; SSl/91/14. CSIRO H2563-02 (7, 21.5-19.6 HL, 94+-170 TL); w. of Quobba Pt.; 901 m;

SSl/91/25. CSIRO H2572-10 (2, 29.6-32.7 HL, 158+-164+ TL); w. of Dirk Hartog I.; 874-882 m;

SSl/91/35. ZMMSU uncat. (27.6-27.7 HL, 150-160 TL); off Cape Cuvier; 23°57.9'S, 1 12°14.2'E;

83 1-834 m; r//Var ' sta. 4564; 1.XII. 1959.

Counts and Measurements (14 WA specimens).— ID. 11,10-12; P. i 19-122; total GR-I

(outer/inner) 8-10/8-10, GR-II 7-9/9-10; scales ID. (9.5) 1 1-13, midbase ID. 6.5-8.5; caeca 21, 28

(2 spec).

Total length 128+-190 mm; HL 21.3-32.8 mm. The following in percent of HL: snout 29-34

preoral 18-24; intemasal 19-26; interorb. 20-25; orb. 30-34; suborb. 14-18; postorb. 41^5
orb.-preop. 30-39; up.jaw 31-35; barbel 15-23; gill-slit 13-17; pre-A. 13^166; V.-A. 38-61

anus-A. 13-26; body depth 79-98; 1D.-2D. 23-40; len. IP. 54-67; len. V. 7^105; nostril 5.4-10.0.

Description.— General features offish seen in Figure 43a. Snout short, blunt, length about

equal to greatest orbit diameter, tipped with small but prominent, usually bifid, tubercular scales.

Mouth rather short, about one-third of head length; upper jaw extends to below midorbit. Suborbital

shelf formed by 2 rows of stoutly modified scales, ventral row larger with relatively sharp ventral

edge. Underside of snout, suborbital, ventral edge of preopercle, and mandibular rami naked; pores

of sensory system small but readily discernible. Preopercle broadly rounded, posterior margin almost

vertical. Interopercle exposed only along posteroventral margin. Chin barbel well developed, rather

stout throughout, not forming filamentous tip. Gill arches restricted ventrally by narrow fold of skin.

Body scales small, exposed fields covered with slender, needlelike spinules arranged in 10-12

parallel to slightly convergent rows in largest specimens examined. Spinules greatly reclined on body

scales, posteriormost ones extend well beyond posterior margin of exposed field.

Teeth small in both jaws, arrayed in short, narrow, tapered bands; those in lower jaw in bands 3

or 4 teeth wide; in upper jaw outer series slightly enlarged.

Height first dorsal fin about equal to or more than head length; second spinous ray armed along

leading edge with 6-12 wide-spaced, slender spikes. Outer pelvic fin ray thickened and elongated,

extending well beyond anal fin origin to base of 10th to 16th anal ray in some specimens. Pelvic fin

origin below opening of operculum, well anterior to origin of pectoral fin, which is anterior to that of

first dorsal fin.

Periproct region large, situated within middle one-third of distance between pelvic fin insertions

and anal fin origin, usually somewhat closer to pelvic fin insertions. Anterior dermal window of light

organ small, often inconspicuous between pelvic fin bases, well removed from periproct. Pyloric

caeca of 2 specimens well developed, rather thick, some bifidly branched from near base.

Ground color dark brown to swarthy overall, with abdominal region somewhat violet; gill cover,

gill membranes, and region around periproct black. All of head, including snout and underside,

swarthy. First dorsal fin blackish over distal 2/3 to 3/4 but paler near base. Pectoral fin dusky; pelvic

fin black; anal fin blackish anteriorly to dark dusky posteriorly. Proximal 1/2 of barbel dark; distal

half pale. Oral and gill cavity black, although latter ventrally pale; gill arches and rakers dark. Lips

blackish; skin connecting maxillary and premaxillary dark except near jaw angle.

Size.— To about 1 9 cm TL.
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Distribution.— Hawaii, southeastern Pacific (Sala y Gomez Ridge), Kyushu-Palau Ridge,

New Caledonia, Western Australia, and across Indian Ocean to southern Africa, in 523—914 m.

Comparisons and Remarks.— Nezumia propinqua shares in common with N. evides Gilbert

and Hubbs, 1920, and A^. condylura Jordan and Gilbert, 1904, an unusually high (13-19) pelvic fm
ray count. The upper range of these counts, from 16 to 19, is higher than in any other species of

Macrouridae. The three species also share in common a relatively blunt snout, naked underside of

head, black-tipped first dorsal fin, and similar scale spinulation (needlelike, in 4—1 2 parallel to slightly

convergent rows). The species in this clade have not been adequately characterized, although

representatives have been recorded from the Indian Ocean, throughout the tropical western Pacific,

Hawaii, and the southeastern Pacific. Most characters used to distinguish the three species show
overlap, leading to the question ofwhether they are valid species. A more thorough study of this clade

using specimens from the entire distributional range will be necessary to resolve this question.

Nezumia soela new species

Fig. 44b

Nezumia sp. C: Williams et al., 1996:1949 (WA list).

Diagnosis.— Pelvic fin rays 10-1 1; first dorsal fin with 10 or 1 1 segmented rays (rarely 12)

underside of snout with broad naked median swath, pores of lateralis system small, inconspicuous

body scales covered with narrow, lanceolate spinules in slightly convergent rows; 7—9.5 scale rows

below origin of second dorsal fin, 36-41 lateral line scales over distance equal to predorsal length

trunk lacking prominent broad dark girdle; first dorsal fin all black; anterior dermal window of light

organ more or less on transverse line connecting pelvic fin insertions; upper jaws 29-33% of HL
orbit to preopercle distance 33—38% of HL; inner gill rakers on first arch 10-13.

Specimens Examined.— WA: Holotype: CSIRO H3017-04 (65.3 mm HL, 350+ mm TL)

nw. ofCapeLeeuwin; 34°10'S, 1 14°16'E; 1,030 m\Akebono MaruNo. i, shot 17; coll. A. Williams

24.XIL 1 989. Paratypes ( 1 7 spec. ): CSIRO H255 1-17 (46.6 HL, 250+ TL); w. ofNW Cape; 1 ,500+

m; SSl/91/12. CSIRO H3002-04 (54.5 HL, 290+ TL); se. of Albany; 35°23.5'S, 1 18°27'E; 1,030 m
Akebono Mam No. 3, shot 2; coll. A. Williams; 21. XII. 1989. CSIRO T292 (51.1 HL, 293+ TL)

CSIRO T297 (53.0 HL, 388+ TL), T299 (51.4 HL, 285+ TL); GAB, s. of Eucla; 33°27'S, 128°36'E

1,027-1,044 m; Margaret Philippa; coll. K. Evans; 24.XI.1984. AMS 1. 187 12.-0 14 (51.6 HL, 290+

TL); GAB, s. of Maduras; 33°49'S, 127°00.9'E; 1,080-1,100 m; Dmitiy Mendeleev; coll. J. R
Paxton; 28.1.1976. SA: CSIRO H2877-06 (50.9 HL, 290+ TL); 33°59'S, 131°07'E; 1,062 m; 1992

TAS: CSIRO HI 579-48 (5 of 19 spec, 27.9-55.1 HL, 124+-296 TL); w. coast; 830 m; S03/86/37

CSIRO T831 (56.6 HL, 315+ TL); sw. of King I.; 40°33'S, 143°18'E; 1,250-1,290 m; Margaret

Philippa; coll. K. Evans; 18.X.1983. CSIRO T358 (45.0 HL, 240+ TL); sw. of King I.; 40°33'S,

143°18'E; 1,250-1,290 m; Margaret Philippa: coll. K. Evans; 18.X.1983.

Counts and Measurements (holotype first, followed by range in 1 9 paratypes).— 1 D. II, 1 2,

11,10-12; P. i20/i20, il8-i22; total GR-I (outer/inner) 9/13, 9-12/1 1-13, GR-II 1 1/12, 9-1 1/10-13;

scales ID. 10, 8-1 1, midbase ID. 7, 5.5-7.5(8.5), 2D. 8.5, 7.0-9.5, lat.line40, 36-41.

Total length 350+ mm, 148+-410+ mm; HL 65.3 mm, 30.0-^5.3 mm. The following in percent

of HL: snout 33, 30-36; preoral 25, 24-3 1 ; internasal 22, 2 1-26; interorb. 2 1 , 20-26; orb. 33, 3 1-36;

suborb. 15, 14-17; postorb. 39, 37^0; orb.-preop. 38, 33-38; up.jaw 32, 29-33 ; barbel 17,

1 1-1 7(2 1 ); gill slit 14, 1 1-1 6; pre-A. 1 56, 137-1 59; V.-A. 47, 3 1^7; body depth 84, 63-8 1 ; 1 D.-2D.

49, 29-62; ht. 1 D. 93, 75-1 02; len. 1 P. 5 1 , 44-6 1 ; len. V. 46, 4^-66; post, nostril 8, 6-1 2.

Description.— General features offish seen in Figure 44b. Head 5-6.5 times into total length,

greatest body depth more than six times into total length. Snout conically pointed in lateral view;
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angular in dorsal view; about equal to orbit diameter; tip armed with two large, closely adjoined,

tubercular scales; lateral angles also studded with stout spiny scales. Mouth subinferior, upper jaws

about one-third or less of head length; posterior end of maxilla falls about under midorbit or slightly

beyond. Chin barbel short, length less than half orbit diameter. Lower row of modified scales on

suborbital shelf forming a rather sharp angular ridge. Preopercle broadly rounded, chord of posterior

margin inclined slightly forward.

Exposed fields of body scales covered with sharp, slender, lanceolate spinules aligned in 10-17

convergent rows (number of rows size dependent).

Teeth in broad tapered bands in both jaws; upperjaw teeth larger than those of lower jaw, outer

series slender, slightly enlarged.

First dorsal fin high, less than head length in holotype, but more than head in a few paratypes;

second spinous ray heavy, slightly recurved, leading edge armed with about 33 small, low, spaced,

non-overlapping denticles. Outer pelvic fin ray slightly produced into hair-fine filament, extending

posteriorly to just beyond anal fin origin.

Periproct region moderately developed; ADW small.

Ground color medium brown, with trunk dorsally slightly darker but without a prominent dark

encircling band (in contrast to N. kapala and N. namatahi). Ventral aspects of chest, all of abdomen

(to above 10th or so anal ray), and opercle black to bluish black; medium brown on dorsum and nape.

First dorsal, pectoral, pelvic, and anteriormost rays of anal fins black; anal fin dark dusky posteriorly.

Gular and branchiostegal membranes black; mouth and lips dark; gill cavity black except over hyoid

bones and isthmus, which are pale; gill arches and rakers dark; barbel dusky near base, pale distally.

Size.— To more than 35 cm TL.

Distribution.— Australia, from west coast TAS to North West Cape, WA; in 830 to about

1,500 m.

Etymology.— Named for the former CSIRO fisheries research vessel Soela, on which were

collected many of the specimens used in this report.

Comparisons and Remarks.— Specimens from the west coast of Australia north of Cape

Leeuwin appeared to be slightly paler and more brownish over the tail than those from southern

Australia. Furthermore, their snout appeared somewhat more pointed and angular, and the underside

of the snout had a slightly broader naked area. These differences were too slight to consider

recognizing two separate populations.

Nezumia soela is very similar in overall morphology to ^V. coheni in having a tiny anterior dermal

window lying at, or about on a line with, the pelvic fin insertions, 1 1 pelvic fin rays, no prominent

dark girdle encircling trunk, and generally similar proportions. The two species differ, however, in

gill raker counts of the first arch (9—12 inner rakers, 1 1-13, rarely 10, rakers on outer arch in N. soela

cf. 6-9 and 9-1 1, respectively, in N. coheni), distance orbit to preopercle angle (33-38% HL in N.

soela cf. 38-44%), and size of outer series of premaxillary teeth (larger, thicker in N. soela). Pores

of the lateralis system on the lower jaw are larger with raised rims in N. soela (cf. smaller, no rims),

the sensory papillae on the underside of the snout are more prominent and numerous in N. soela, and

the snout is blunter and narrower. Several features of the two species are compared in Table 5.

The higher gill raker counts, the absence of a prominent dark trunk girdle, and the more anteriorly

placed anterior dermal window distinguish the species from N. namatahi and N. kapala. Nezumia

kapala and N. soela appear to be sympatric, although N. kapala occurs farther to the east and north

(to NSW).

Nezumia spinosa (Gilbert and Hubbs, 1916)

Fig. 43b

Liomtrus .spinosus G'lVoQTXandWxxhhs, 19 16: 199, pi. 10, fig. 2 (Japan); 1920:554 (4 spec, off Luzon, Philippines).
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^*p~*?-- yj'y^^

Figure 43. (a) Nezumia pwpimjua (Gilbert and Cramer). (From Iwamoto and Merrett 1997. fig. 29a.) (b) Neziimia spbwsa
(Gilbert and Hubbs). Holotype, USNM 76868 (280 mm TL), from off Japan in 777 m. From Gilbert and Hubbs 1916. pi. 10,

fig. 2.) Scale bars represent 25 mm.
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Ne:umia spinosa: Iwamoto and Anderson, 1994:18, 19 (22 spec.. Natal, South Africa and Mozambique).

Williams etal., 1996:149 (WA list). Iwamoto and Merrett, 1997:542-545, fig. 29b (New Caledonia region).

Diagnosis.— Pelvic rays 8 or 9; height first dorsal fin usually much greater than head length;

underside of head almost completely naked, pocketed with rather prominent pores along mandible

and ventral margin of suborbital region; scales densely covered with long needlelike spinules in

parallel to convergent rows, posteriormost spinules on scales extend most of their length beyond scale

margin; 7.5 to 1 1 scale rows below origin of second dorsal fin; teeth in lower jaw in notably broad

bands, 6 or more teeth wide across anterior end; dark color of trunk confined to abdomen, not

extending onto dorsum; first dorsal fin blackish anteriorly and proximally, paler near distal tips and

posterior margin; anterior dermal window of light organ prominent, situated between pelvic fin bases.

Specimens Examined.— WA: AMS 1.22809-046 [formerly 014] (33.4 mm HL, 260+ mm
TL); NW Shelf, 250 km nw. of Port Hedland; 584^592 m; S02/82/I9-21. AMS 1.22810-045 (36.4

HL, 140+ TL); NW Shelf, 250 km nw. of Port Hedland; 694^736 m; S02/82/22-24. CSIRO
H 1492-25 (33.3 HL, 1 55+ TL); NW Shelf; 420 m; SO5/88/70. CSIRO H2542-29 (38.5 HL, 1 85 TL)

Exmouth Plateau; 854-868 m; SS 1/9 1/03. CSIRO H2549-10 (49.1 HL, 255+ TL); w. ofNW Cape

650-685 m; SSl/91/10. CSIRO H2557-09 (33.3 HL, 165+ TL); w. of Cape Farquhar; 620 m
SSl/91/19. CSIRO H2580-04 (47.7 HL, 245+ TL); sw. of Shark Point; 713-714 m; SSl/91/43.

CSIRO H2584-03 (51.1 HL, 220+ TL); w. of Shoal Point; 853 m; SS 1/9 1/49. (Also material listed

by Iwamoto and Anderson (1994) from southern Africa and Iwamoto and Merrett (1997) from New
Caledonia, East China Sea, and South China Sea.)

Counts and Measurements (of Australian material only; see Tables 5 and 6).— P. il8-i22;

total GR-II (outer/inner) 9-1 1 /9-1 2; scales 1 D. 1 0-1 3, midbase 1 D. 6.5-9; 2D. 7.5-1
1 ; lat.line 35^2.

Total lengths 1 55+—255+ mm; HL 32.0-51.1 mm. The following in percent ofHL: snout 28—32;

preoral 18-29; intemasal 17-21; interorb. 18-24; orb. 28-31; suborb. 12-14; postorb. 43^6;

orb.-preop. 34-^0; up.jaw 27-33; barbel 9-18; gill slit 1 1-14; pre-A. 141-155; V.-A. 34-47; body

depth 78-81; 1D.-2D. 34-52; ht. ID. 93-156; len. IP. 48-57; len. V. 61-84; post, nostril 7-11.

Size.— To at least 26 cm TL.

Distribution.— Japan, South and East China seas, Philippines, Australia (QLD, WA), south-

em Africa, in 420-900 m (and possibly to 1,258 m, based on field data of AW).
Comparisons and Remarks.— Nezumia spinosa is a distinctive species of the genus owing

to its low pelvic fin ray count, high first dorsal fin with leading edge of prolonged second spinous ray

beset with widely spaced teeth, almost completely naked underside of head pocketed with pores of

sensory lateralis system, notably broad band of dentary teeth, and small body scales covered with

long, needlelike, greatly reclined spinules arranged in somewhat convergent rows. Nezumia spinosa

is likely to be confused only with N. merretti, which it closely resembles but differs in having longer

scale spinules that greatly overlap the posterior scale margin (overlap slightly in N. merretti), smaller

body scales (rows below ID. 7—7.5 in A^. merretti, compared with 10-13 in N. spinosa), and darker

first dorsal fin (overall dusky in N. merretti).

Comparison ofAustralian specimens ofA^. spinosa with those reported by Iwamoto and Anderson

(1994) from southern Africa revealed some notable differences in frequency distributions of first

dorsal rays, preoral length, postorbital length and upper jaw length. These are compared in Table 6.

These differences and the disjunct distribution of the species suggest that isolation has resulted in

significant divergence between the populations on each side of the Indian Ocean. The extent to which

the African population has diverged from the eastern population may argue for the recognition of a

second species. Continental drift may have accounted for the disjunct distribution. This species is one

of few Western Australian grenadiers also found off Queensland.
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Nezumia wularnia new species

Fig. 44a

Nezumia sp. D: Williams et al.. 1996: 149 (WA).

Diagnosis.— Pelvic fin rays 1 1-12; height first dorsal fin about equal to or more than head

length; underside of head scaled, but lacking prominent pores of sensory lateralis system; body scales

with dense covering of broadly shield-shaped spinules; 5.5—7.5 scale rows below origin of second

dorsal fin, 36-42 lateral line scales over distance equal to predorsal length; trunk completely encircled

by broad dark band, although sometimes rather faint; first dorsal fin uniformly blackish; anterior

dermal window of light organ scarcely developed, usually apparent only as triangular anterior

protrusion of naked periproct, situated behind line connecting insertions of pelvic fins; orbit to

preopercle distance 38^4% of head length; upperjaw 29—34%; gill rakers on inner side of first arch

9-10.

Specimens Examined (all from WA).— Holotype: AMS 1.31157-011 {53.0 mm HL, 245+

mm TL); offCape Cuvier; 1 ,293-1 ,320 m; SS 1 /9 1 /23. Paratypes: AMS 1.3 1 1 57-0 1 1 (4, 48.2-55.0

HL, 215+-263+ TL); same data as for holotype. NTM S. 127 16-007 (76.1 HL, 247+ TL); nw. of

Monte Bello I.; 20°15'S, 114°50'E; 500-600 m; coll. D. Evans; 22.11.1990. CSIRO H2545-01 (2,

53.6-55.2 HL, 240+-280 TL); over Exmouth Plateau; 1,023 m; SSI/91/05. CSIRO H2544-14 (68.8

HL, 340+ TL) and H.2544-12 (64.1 HL, 330+ TL); over Exmouth Plateau; 1,128 m; SS 1/9 1/04.

CSIRO H2553-09 (205+ TL); w. of Point Cloates; 9 1 m; SS 1 /9 1 / 14. AMS 1.3 1 1 59-005 (6, 57.0-73.4

HL, 234-370+ TL); off Cape Cuvier; 1,293-1,320; SS 1/9 1/23. CSIRO H2581-I5 (4, 49.4-55.2 HL,
230+-276+ TL); sw. of Shark Bay; 996 m; SSI/91/44. NMV A9583 (3, 50.0-56.0 HL, 240-265 TL);

95 km sw. of Geraldton; 29°21.8'S, 1 I3°46.6'E; 942-970 m. CSIRO H2615-07 (61.8 HL, 315+ TL),

H26I5-08 (40.8 HL, 240 TL); and NMV A9523 (67.2 HL, 365 TL); w. of Mandurah; 1,030-1,140

m; SS 1/9 1/83. CSIRO H26I6-07, H26I6-08, H26I6-09; w. of Mandurah; 960 m; SS 1/9 1/84. CSIRO
H3017-03(370TL);nw. ofCapeLeeuwin, 34°10'S, I14°16'E; \,{)?>Qm:Akebono Maru No. 3, shot

17; coll. A. Williams; 22.XII.1989. CSIRO H3022-03 (2 spec); w. of Bunbury; 33°17'S, 1 14°13'E;

916m-AkebonoMaruNo. 3, shot 22; coll. A. Williams; 25.XII. 1989.

CouNTSANDMEASUREMENTS(holotypefirst, followed by range in 19 paratypes).— ID. II. 11,

11,10-12; P. i23/i2l, il8-i23; total GR-I (outer/inner) ? / ?, 6-8/9-10, GR-II ? /?, 8-9/9-10; scales

1 D. 8, 7-7, midbase I D. 5.5, 4.5-6.5, 2D. 6.5, 5.5-7.5, lat.line 37, 36-42.

Total length 215+-370+ mm; HL 40.8-73.4 mm. The following in percent of HL: snout 32,

27-32; preoral 24, 19-24; intemasal 24, 20-25; interorb. 21, 18-23; orb. 30, 28-35; suborb. 16,

15-17; postorb. 44, 40-46; orb.-preop. 39, 38^4; up.jaw 34, 29-34; barbel 15, 1 1-18; gill slit ? ,

1 2-1 7; pre-A. 1 68, 1 48-1 68; V.-A. 45, 28-46; body depth 84, 74-89; I D.-2D. 4 1 , 35-59; ht. I D. 82,

82-1 13; len. P. 58, 46-^0; len. V. 65, 43-70; post, nostril 5, 3-7.

Description.— General features shown in Figure 44a. Snout conical in lateral profile, tipped

with large, but rather inconspicuous, tubercular scale; scales at lateral angles similarly large and

inconspicuous. Suborbital shelf strong, composed of two distinct rows of modified scales; ridge

formed by ventral margin of lower row not sharply angular, ventral aspects of suborbital rather

smoothly blend in with shelf dorsally. Ventral surfaces of snout, suborbital, preopercle, and mandible

completely and uniformly scaled; scales on underside of snout fairly deciduous and often lost. Free

neuromast of cephalic lateralis system prominent in pale specimens. Body scales densely covered

with broadly lanceolate to shield-shaped spinules.

Small fine teeth in bands in both jaws; outer premaxillary teeth slightly enlarged.

Long spinous ray of first dorsal fin relatively slender, especially prolonged distal portion;

serrations along leading edge fine and widely spaced. Other fins without notably prolonged rays; outer

pelvic fin ray slightly prolonged, extending at best to bases of first few anal fin rays.
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Table 6. Comparison of six characters of Nezumia spinosa by area: southern Africa and Australia.

S. Africa

Australia

Segmented I D rays

II

14

12 N

23 10.70

9.25
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FiciURE 44. (a) Nezumia wularnia n.sp. Holotype, AMS 1.31157-011 (245+ mm TL), from off Cape Cuvier, WA. in

1.293-1.320 m. (b) Nezumia soela n.sp. Holotype, CSIRO H30 17-04 (350+ mm TL), from northwest of Cape Leeuwin, WA,
in 1030 m. Fins and scales partially reconstructed. Scale bars represent 25 mm.

illary anteriorly (over ascending limbs) and angle of jaws pale. Barbel dark at base, pale distally.

Paired and first dorsal fins black; anal fin blackish throughout in darker specimens, but in paler

specimens only anterior end of anal fm blackish, with dusky rays posteriorly over remainder of fin.

Size.— To more than 37 cm TL.

Distribution.— Known only from off WA, from Exmouth Plateau (ca. 21°S) to west of

Mandurah (ca. 32°S), in 685-1,320 m.

Etymology.— From the Yindjibamdi, wularni, from the west.
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Comparisons and Remarks.— Nezumia wulamia differs from most other members of Nezu-

mia in having the underside of the head completely scaled. (A few specimens of TV. wulamia had a

medium swath of naked skin ventrally on the snout, but the scales in that area appeared to have been

sloughed off during capture or subsequent handling.) In other species of Nezumia from the region,

the underside of head is almost completely naked, or at the least, most of the underside of snout is

naked. Additionally, body scales in the new species are slightly larger, with scale-row counts below

the dorsal fms somewhat lower. Nezumia wulamia agrees in many respects with N. kapala but differs

in having slightly more first dorsal fm rays, a longer distance orbit to preopercle, and somewhat longer

upper jaw (see Tables 5 and 7).

Pseudonezumia Okamura, 1970

Pseudonezumia Okamura, 1970:38 (type species Pseudonezumia japonicus Okamura, 1970, by original desig-

nation).

Paracetonurus Marshall, 1973:615 (type species Macrourus pan'ipes Smith and Radcliffe, 1912, by original

designation).

See Iwamoto and Anderson (1994:21, 22) and Sazonov and Shcherbachev (1982b:ll) for

diagnosis (as Paracetonurus). At least five species, including Pseudonezumia cetonuropsis (Gilbert

and Hubbs, 1 920), P.flagellicauda (Koefoed, 1 927), P.japonicus, P. par\'ipes, and P. pusilla Sazonov

and Shcherbachev, 1982b. Sazonov and Shcherbachev (1982b:l 1) included all of the above except

P. japonicus in the genus Paracetonurus.

Pseudonezumia pusilla (Sazonov and Shcherbachev, 1982)

Fig. 45

Paracetonurus pusillus Sazonov and Shcherbachev, 1982b: 12-14, fig. 4 (Ninety East Ridge, central Indian

Ocean and Bismarck Sea offNew Guinea; 1,380-2,000 m).

Pseudonezumia puscilla [sic]: Williams et al., 1996:149 (WA list).

Pseudonezumia pusilla: Iwamoto and Merrett, 1997:547, 548, fig. 30b (New Caledonia off Loyalties).

Diagnosis.— Chin barbel usually 14^23% HL, interorbital width 29-35%, upperjaw 30-39%,

body 59—87% (usually <75%). Adult size relatively small, about 250 mm TL or less.

Specimens Examined.— CSIRO H2551-20 (30.5 mm HL, 186+ mm TL); off WA, w. ofNW
Cape; 1,460-1,500+ m; SSl/91/12.

Counts and Measurements (based on 1 WA spec).— 1 D. H, 1 0; P. i 1 5-i 1 6; V. 6; total GR-I

(outer/inner) 9/1 1,GR-II 10/1 1; scales midbase ID. 13.

The following in percent of HL: postrostral 74; snout 31; preoral 22; internasal 26; interorb. 34;

orb. 33; suborb. 15; postorb. 43; orb.-preop. 36; isth.-A. 65; body depth 73; depth at A. 72; ID. -2D.

41; post, nostril 19; up.jaw 35.

Description.— Body slender, compressed, tapering gradually. Head relatively large, dorsal

profile more or less flat; snout broad and high; orbits relatively large, the anterior margin adjacent to

posterior nostril developed as thin lateral flange; perimeter of nostril distinctly large, circular; mouth

long, narrow, subterminal. Gill rakers on outer side of first gill arch a series of rounded tubercles

lacking spination; those of inner side of first arch and all other arches well developed and armed with

series of dorsally directed, long, narrow, pointed spines.

Suborbital ridge and ridges of head poorly defined, their scales lacking enlargement or bony

development; head and underside ofjaw scaled; branchiostegal and gular membranes naked. Scales

on head adherent, armed with long, slender, erect, and widely spaced spinules; body scales mostly

deciduous.
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Table 7. Comparison of first dorsal fin ray counts, upper jaw length, and distance orbit to preopercle in

Nezumia wularnia and A^. kapala.

Segmented First Dorsal Rays

10 II 12

N. wularnia - - 11 12 1 10.17

N. kapala 3 18 3 1
- 9.08

Upper Jaw length (%HL)

26 27 28 29 30 31 32 33 34 x

N. wularnia - - -
1 5 5 5 4 431.75

N. kapala 1 5 6 6 3 2 -
1

- 28.67

Orbit to Preopercle distance (%HL)

34 35 36 37 38 39 40 41 42 43 44 x

N. wularnia ----3378111 40.33

N. kapala 277323----- 36.2

1

Teeth slender, conical, foiming tapering bands in both jaws; 2—3 indistinct rows at symphysis of

each jaw, those of outer row slightly enlarged.

Second bony element of first dorsal fm long, with numerous spinulations; pelvic fm bases close

together, situated well in advance of pectoral fm bases; all fms rather poorly developed.

Periproct region adjacent to anal fin origin, well developed, broadly oval in shape with a short

anterior extension; no external evidence of an accessory light organ.

Body color yellowish brown; head dark brown; operculum, branchiostegal membranes, mouth

and branchial cavities black; anterior section of anal fin base and dorsal midline darkish brown; fins

pale to dusky; periproct region black.

Size.— Sazonov and Shcherbachev (1982) reported sexually mature adult specimens reaching

a maximum length of around 25 cm TL—a relatively small size among members of the genus.

Distribution.— Widespread in the tropical Indian Ocean and the western Pacific. Off Western

Australia, known from a single specimen taken in the deepest sample from which material was

examined ( 1 ,460 m to about 1 ,500 m).

Comparisons and Remarks.— Our specimen agreed well with P. pusilla, although it has a

well developed, broadly oval periproct with a short anterior extension (not "comparatively narrow,"

as described by Sazonov and Shcherbachev, 1982b). Those authors differentiated P. pusilla from the

two other Indo-West Pacific species of the genus, P. parx'ipes and P. cetonuropsis, on its greater orbit

diameter and longer barbel. Comparing their data with those of Gilbert and Hubbs (1916), the

respective differences of the three species are: orbit (29-38% ofHL cf 20-25% and 27%), and barbel

(14—20% HL cf 4—9% and 6%). Additionally, the anal opening of P. pusilla is adjacent to the anal

fin origin, whereas in P. cetonuropsis it is separated by a distance about one-third distance between

anal and pelvic fins.
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Figure45. P.seiuioneziimia pusillci (Sazonos/ and Shcherbachev). Specimen CSIRO H255]-20(30.5 mm HL. 186+ mm TL)
from off North West Cape, WA, in 1460-1500 m. Drawn by Georgina L. Davis.

Figure 46. Sphagemacrums pumiliceps (Alcock). Specimen CSIRO H2551-22 (35.7 mm HL, 253 mm TL) from off North

West Cape, WA, in 1460-1500 m. Drawn by Georgina L. Davis.

Sphagemacrurus Fowler, 1925

The forward shift of the ventral aspects of the trunk, coupled with a blunt snout are convergent

developments in morphology with members of the genus Lucigadus. The location of the anus and

urogenital opening in a broad naked area extending about 2/3 distance between pelvic and anal fins

differs markedly from the condition in Lucigadus. Only one species of the genus was taken in WA,
but Sphagemacrurus richardi (Weber, 1913) should be expected in the tropical regions, as it has been

taken off Queensland and Indonesia.

Sphagemacrurus pumiliceps (Alcock, 1894)

Fig. 46

Macrurus pumiliceps Alcock, 1894:125-127 (Laccadive Sea; 1.315 ni)

Lionurus pumiliceps: Gilbert and Hubbs, 1920:559, 560 (Philippine and East Indies; 732-1.646 m).

Sphagemacrurus pumiliceps: Marshall and Iwamoto in Marshall. 1973:627 (list; lectotype designation);

Iwamoto, 1986:339 (Mozambique; 1,510-1,600 m); Shcherbachev, 1987:41 (Indian Ocean distr.; 880-

1,880 m).
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Diagnosis.— Orbit longer than snout, about 1 .0-1 .2 times into distance from orbit to angle of

preopercle, 33—37% of HL; underside of snout mostly covered with small, irregularly shaped scales;

a pale, naked area anterior to margin of upper lip; scales mostly deciduous except on nape and head;

teeth small, slender, with curved tips, 4—5 rows at symphysis of premaxilla, 2—3 rows at symphysis

of mandible; pelvic fin rays 1 1-13; total inner gill rakers on first arch 8-1 1; body color variously pale

to dusky brown on nape and flanks, darker grayish brown on head.

Specimens Examined.— WA: CSIRO H26 17-03 (34.5 mm HL, 231 mm TL); off Bunbury;

982 m; SSl/91/85. CSIRO H2551-22 (35.7 HL, 253 TL) and H2551-23 (6, 170-240 TL); off NW
Cape; 1,460-1,500+ m; SSl/91/12. CSIRO H2581-16 (2, 27.2-28.4 HL, 160-213 TL); 99^1,009

m; SSl/91/44. Madagascar: CAS 66504 (4, 18.0-32.3 HL, 147+-205 TL); off Cape St. Vincent;

22°27'S, 43°00'E; 940-960 m; Vityaz ' sta. 2652; coll. M. E. Anderson; 3.XII.1988.

Counts and Measurements.— 1 D. 11,9-1
1 ; P. i 1 9-i22; total GR-II (outer/inner) 9-1 0/10-11;

scales ID. 12-14, midbase ID. 10-12, 2D. 7-10, lat.line 36-38.

Total length 160-253 mm; HL 27.2—38.0 mm. The following in percent of HL: snout 30-34

preoral 16-21; intemasal 24-29; interorb. 24-28; orb. 33-37; suborb. 15-18; postorb. 40-42

orb.-preop. 34-38; up.jaw 34-38; barbel 16-21; gill silt 18-21; pre-A. 1 13-150; body depth 93-121

1D.-2D. 41-56; ht. ID. 95 (1 spec); len. P. 60-65; len. V. 52-71; post, nostril 6-12.

Description.— Body deep and strongly compressed; snout blunt, broad, with well-developed

bony scutes at tip and lateral angles; bony scutes with a crown of short, blunt, conical spinules.

Underside of snout mostly covered with small, irregularly shaped scales; naked area around margin

of upper lip. Scales easily lost through abrasion. Suborbital ridge well developed with short, blunt,

conical spinules present on lateral margins of ridge and lower margin of orbit; ridge extending beyond

midline of orbit. Jaws small, subterminal, oblique; upperjaw extending posteriorly to below midorbit.

Short fleshy barbel present. Gill rakers moderately developed, tubercular with stout spines on tip; gill

filaments well developed.

Body scales with about 5 near-parallel rows of short, sharp, slightly raised spinules; scales mostly

deciduous except on head and nape. Anus and urogenital opening in a broad naked periproct extending

about 2/3 distance between pelvic and anal fins.

Teeth small, slender, with curved tips; 4-5 rows at symphysis of premaxilla, 2—3 rows at

symphysis of mandible.

Base of first dorsal fin elevated, angled at about 45 degrees to long axis of body; second spine

long, slightly curved, leading edge with series of well-developed serrations becoming progressively

finer and more widely spaced towards tip; height of fin about equal to head. Pectoral fin poorly

developed; leading ray not prolonged; pelvic fin origin below gill cover, well in advance of pectoral

fin in, leading ray with moderately developed filamentous extension reaching to at least 10th anal fin

ray.

Body lacking prominent markings; nape and flanks variously pale to dusky brown; head darker

grayish brown. Buccal cavity and jaws black; lips dusky; margin of orbit dark. Underside of snout

brown, naked area anterior to margin of upperjaw pale; dark free neuromasts irregularly spaced over

head; opercle and preopercle, branchiostegal membranes, and abdomen black. Pelvic fins black at

base; pectoral, dorsal, and anal fins variable in color from pale to dusky to blackish.

Size.— A small species attaining about 26 cm TL.

DISTRIBUTION.— Widely distributed in the Indo-West Pacific. Taken offWA between 882 m
and about 1,880 m.

Comparisons and Remarks.— Our specimens generally agreed well with published data on

S. pumiliceps, however, they varied in having a relatively short postorbital distance (34-38% HL cf.

38-45%) and in being scaled on the underside of the snout. They also differed in several other

characters compared to S. pumiliceps from Madagascar, which have fewer pelvic fin rays (9-1 1 cf.

1 1-13) and a wider interorbital (30-37% HL cf. 24-28%). Scale spinulation was also markedly
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coarser in the Madagascar! specimens, particularly the degree of development on scales of the

suborbital ridge and those of the anterolateral margin of the snout. Body color in preserved material

was a uniform dark brown in Madagascan specimens compared to a variously pale to dusky brown

nape and flanks, with darker grayish brown head in the WA specimens. There may, therefore, be

unresolved problems with identification of Sphageinacrurus species in the Indian Ocean and west

Pacific regions, which will only be resolved by examination ofmaterial from a wide range of localities.

Sphagemacrurus pumiliceps is most similar to S. richardi from Indonesia, but can be differenti-

ated from that species by its higher pelvic fin ray count (1 1-13 cf 8-10). It is also similar in many

counts and proportional measurements to S. hirundo (Collett, 1896) and S. grenadae (Parr, 1946),

known respectively from the northeastern and western Atlantic. However, in S. hirundo the snout and

interorbital dimensions are about equal (Marshall 1973), whereas in S. pumiliceps, the snout is

relatively long (30-34% HL cf 24-27%). Marshall reported S. grenadae as being dark brown to

black, whereas S. pumiliceps is variously pale to dusky brown.

Trachonurus Giinther, 1887

See Sazonov and Iwamoto ( 1 992:77) for diagnosis of genus. The number of species in this genus

is still uncertain. Two species have been recently described {Trachonurus gagates Iwamoto and

McMillan, 1997, and T. robinsi Iwamoto, 1997). Trachonurus sentipellis Gilbert and Cramer, 1897,

which had been synonymized with T. villosus. was recognized by Iwamoto and McMillan (1997).

Three species are so far known from Western Australia, including a new species herein described.

Key to Western Australian Species of Trachonurus

la. Grooved lateral line completely absent T. gagates

lb. Grooved lateral line present 2

2a. Teeth all small, outer premaxillary series scarcely or not at all enlarged; 26-34 lateral line scales counted from an-

terior end over distance equal to predorsal length; body scales large, 8 or 9 between pelvic tin base and gill cavity,

about 8 from pelvic fin base to lower edge of pectoral fin base T. sentipellis

2b. Outer series of premaxillary teeth distinctly enlarged, inner series of dentary teeth usually slightly enlarged; 39-50

lateral line scales over distance equal to predorsal length; body scales relatively small, 10 or 11 between pelvic fm

base and gill cavity, 12 or more between pelvic fin base and pectoral fm base T. yiwardaiis n.sp.

Trachonurus gagates Iwamoto and McMillan, 1997

Fig. 47

Trachonurus sp. A: Williams et al., 1996:149 (WA).

Trachonurus gagates Iwamoto and McMillan, 1997:255-259, fig. I (holotype AMS 1.24059-009; Australia,

NSW off Norah Head, 978 m; paratypes from Australia [NSW, QLD, SA, TAS, VIC, WA], and New
Zealand; 435-1,240 m).

Diagnosis.— Grooved lateral line absent; chin barbel 4—8%, suborbital width 13-15%, post-

orbital 50-55% ofhead length; total gill rakers on second arch (outer/inner) 10-13/1 0—1 2; scale rows

from origin ofsecond dorsal fin to anal fin 20-25; lateral scales over distance equal to predorsal length

usually 35^2; outer premaxillary teeth slightly enlarged; gular and branchiostegal membranes

usually heavily covered with scales.

Specimens Examined.— Type specimens listed in Iwamoto and McMillan (1997).

Size.— To about 48 cm TL.

Distribution.— Widespread in Australia (NSW, QLD, SA, TAS, VIC, WA) and New Zealand

in 435-1 ,200 m.
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Comparisons AND Remarks.— Trachonurus gagates '\s closely simWar io T. villosus{Gunther,

1 877) with the primary difference being the absence of a grooved lateral line in T. gagates compared

with a well-developed one in T. villosus. The two species are similar in having small scales,

compressed head, bluntly rounded snout profile, and relatively small outer premaxillary teeth.

Trachonums serttipellis Gilbert and Cramer, 1897

Fig. 48

Trachonwus sentipeUis Gilbert and Cramer, 1897:429, 430, pi. XLV, fig. 1 (Hawaiian Islands). Iwamoto and

Merrett, 1997:79, 80, fig. 31b (New Caledonia region; 760^980 m).

Trachoma-US sp. B: Williams et al., 1996: 149 (WA).

Diagnosis.— Grooved lateral line well developed; body scales relatively large, coarsely cov-

ered with stout, erect spinules, 26-34 lateral-line scales over distance equal to predorsal length, 4-6

below midbase ID., 5—7 below 2D. origin; small scale patch or none on gular membrane, few or no

scales at base of ventral-most branchiostegal rays. Teeth in both jaws all small, outer premaxillary

series scarcely enlarged. Total GR-Il (outer) 10-14. Pyloric caeca short, thick, 9—13.

Specimens Examined.— WA: CSIRO H254 1-15(2, 53. 1-59.5 mm HL, 258+-294+ mm TL);

Exmouth Plateau; 914 m; SSl/91/02. AMS 1.31 159-006 (6, 39.9-62.8 HL, 200-300+ TL); off Cape

Cuvier; 1,060-1,064 m; SSl/91/21. CSIRO H2592-09 (2, 57.2-59.3 HL, 300+-290+ TL); w. of

Leander Pt.; 942-970 m; SS 1/9 1 /58. NMV A9653 (65.7 HL, 325 TL); w. of Leander Pt.; 1 , 1 32-1 , 1 36

m; SSl/91/61. NMV A9640 (2, 53.7-57.4 HL, 270-315 TL); ssw. of Geraldton; 770-760 m;

SSl/91/62. CSIRO H3041-13 (44.5 HL, 223+ TL); sw. of Shark Bay; 26°36'S, 1I2°09'E; 760 m;

Akehono Maru No. J, shot 41; coll. A. Williams; 28.XII.1989. NSW: AMS L28 100-003 (44.9 HL,

258 TL); e. of Taree; K88-08-06. AMS 1.24462-003 (51.3 HL, 248+ TL); off Cape Hawke; 980 m;

K83-15-02.

Uncertain Variants.—NSW: AMS 1.27718-010 (51.9 HL, 295+ TL); NSW, off Brush L;

1,190 m; 1988. AMS 1.20920-005 (47.6 HL, 263+ TL); QLD, ne. of Raine 1.; 11°32'S, 144°10'E;

0-900 m; field no. FNQ79-33; 12.11.1979. WA: NTM S. 12716-010 (43.1 HL, 247+ TL); nw. of

Monte Bello I.; 20°15'S, 1 14°50'E; 500-600 m; coll. D. Evans; 22.11.1990. NMV Al 1386 (54.6 HL,

312 TL);w. of Leander Pt.; 1,132-1,136 m; SSl/91/61.

Counts and Measurements ( 1 5 WA and 2 NSW specimens).— 1 D. 11,7-8(9); P. (i 1 1 )i 1 2-i 1 5;

V (6)7; total GR-I (outer/inner) 2-8/(1 1)12-14, GR-II 10-14/12-14; scales ID. 6-7, midbase ID.

4-6 [total to A. 20-25], total 2D.-A. 14-21.

Total length 223+-325 mm; HL 44.5-67.5 mm. The following in percent of HL: snout 24—30

preoral 14-19; intemasal 18-22; interorb. 31-36; orb. 26-34; suborb. 10-12; postorb. 45-50

orb.-preop. 31-37; up.jaw 30-36; barbel 9-14; gill-slit 12-17; pre-A. 134-165; body depth 69-87

1D.-2D. 17-52; ht. ID. 49-61; len. P. 40-51 len. V. 30-47; nostril 5-1 1

.

Description.— General features offish seen in Figure 48. Head 5-6 times into total length;

greatest head width 1.7—1.8 into its length. Snout gently conical and protruding in lateral view, blunt

in dorsal view. Orbits relatively large, about equal to snout length and about 0.7 into broad, slightly

depressed interorbital space. Preopercle gently rounded, the chord of margin vertical. Jaws large,

extending posteriorly to below midorbit or slightly beyond. Chin barbel small, slender, length about

equal to least suborbital width.

Teeth fine, short, in narrow bands in both jaws, extending almost to end of rictus. Premaxillary

band about 4 or 5 teeth wide, tapering to 2 irregular series, then to 1 row near posterior end; outer

series scarcely, if at all, larger than inner teeth. Mandibular teeth about 3 or 4 teeth wide anteriorly,

becoming 2 irregular series, then 1 series near posterior end; inner teeth very slightly larger than outer.
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Figure 47. Trachonurus gagates Iwamoto and McMillan. (From Iwamoto and McMillan 1997, fig. 2).

Figure 48. Trachonunis sentipellis Gilbert and Cramer. (From Iwamoto and Merrett 1997, fig. 31b.) Scale bar represents

25 mm.
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FiCiURE 49. Body scales from dorsum below origin of second dorsal fin of (a) Trachonunis senlipellis and (b) T. yiwardaus.

Scale bars represent 1 .0 mm.
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Body scales large, coarsely covered with short, erect conical spinules (Fig. 49a). Enlarged,

vertically elongated scales along anal fin base; these armed with stouter spinules and interconnected

buttresses. Scales along each side of second dorsal also somewhat enlarged, with larger spinules

recurved and somewhat reclined. Scales over dorsal surfaces of preopercle and opercle platelike and

enlarged; those along posterior margin of orbit somewhat elongated, other scales of head much

smaller. Gular and branchiostegal membranes usually sparsely scaled or almost naked, but most with

small median patch of scales on gular membrane and isolated patches (or narrow files) of scales at

base of anteriormost branchiostegal rays. Scales over abdominal region large with spinule fields

sharply defined and with little overlap in scale margins. Scales over chest also large, usually 9 or

fewer rows between pelvic base and gill cavity, about 8 rows from pelvic base to lower edge ofpectoral

base. Lateral line scales with prominent groove throughout and few or no interruptions.

Periproct region large, round to somewhat oval, with posterior margin abutting anal fin; entire

span between anal origin and inner rays of pelvic fins naked; anus about midway between or slightly

closer to anal fin.

Color in alcohol medium brown to gray overall; swarthy over abdomen, operculum, and laterally

and ventral ly on head. Branchiostegal and gular membranes dark gray to blackish; branchial cavity

black, mouth, lips, jaws dark gray to black; barbel dark brown; peritoneal membranes black. Rays of

first and second dorsal fins dusky, pectoral and anal usually darker, pelvic fins blackish.

Size.— To at least 3 1 cm TL.

Distribution.— So far known from the Hawaiian Islands, Australia (WA and NSW), and the

New Caledonian region, but probably more widespread. Capture depths off Australia varied from 500

m to 1,132 m.

Comparisons and Remarks.— Our Western Australian specimens agree well, for the most

part, with Hawaiian and New Caledonian specimens of Trachonurus sentipellis. We were troubled

by four specimens, however, which we list as uncertain variants: one is from the North West Shelf,

another from southwest of Geraldton, WA, and two from NSW (off Brush Island and northeast of

Raine Island). The North West Shelfspecimen (NTM S. 1 27 1 65-0 1 0) agreed well in almost all features

of the species except for the scale spinules, which were notably fine with flexible tips that gave a

velvety feel to the body surface. In contrast, all other specimens of the species had stout spinules that

gave a rough feel to the surface. The specimen from off Geraldton (NMV Al 1386) had low gill raker

counts (9 on inner series of first arch and 9 and 10, respectively, on the outer and inner series of the

second arch), low lateral line scale count (24), relatively greater snout length (30% HL), preoral length

(19%), intemasal width (24%), interorbital width (37%), and height first dorsal (71%). Scales on the

branchiostegal rays were more extensive than on the other specimens. The Brush Island (AMS
1.27718-010) and Raine Island (AMS 1.20920-005) specimens had relatively high lateral line scale

counts of 39 and 36, respectively. In addition, the Brush Island specimen had low gill raker counts

(8 total on inner series of first arch, 8 and 9 on outer and inner series of second arch) and a slightly

wider internasal distance (23% HL cf 1 8-22%) than we found in the other specimens of T. sentipellis.

Compared with a specimen of T. sentipellis of almost identical size (AMS 1.277 1 8-0 10) from Cape

Hawke, NSW, there was a notable difference in appearance. The Brush Island specimen appeared

slimmer, the snout more pointed, the head shallower and wider, the body scales larger, and the scale

spinules were somewhat coarser and more deciduous. The Raine Island specimen had low gill raker

counts ( 1 1 on inner side of first and second arches, but the counts were within the range found in other

specimens of T. sentipellis), and a lateral line that was interrupted into long dashes behind the

abdominal cavity. Aside from the high lateral-line scale count, other meristic and morphometric

features fell well within the range of the species. A more thorough study of additional specimens is

needed to determine if these specimens are simply variants of T. sentipellis or representatives of

different taxonomic entities.
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Trachonurus yiwardaus new species

Fig. 50

Trachonurus sp. C: Williams et al.. 1996:49 (WA).

Diagnosis.— Grooved lateral line present; body scales relatively small, lateral line scales over

distance equal to predorsal length 39—50, scale rows between pelvic fin base and operculum 1 1-12,

below midbase of first dorsal fin to anal fin 26-30, below origin of second dorsal fin 6-9; scale

covering on gular and branchiostegal membranes extensive. Teeth in both jaws relatively small, but

with a distinctly enlarged outer series on premaxillary and a slightly enlarged inner series on dentary.

Total gill rakers on inner series of first arch 9—13, on inner and outer series of second arch 9—12.

Specimens Examined.— WA: Holotype: NMV A9643 (72.8 mm HL, 422 mm TL); w. of

Leander Pt.; 1,132-1,136 m; SSl/91/61. Paratypes: NMV 19782 (formerly A9643) (3, 36.^M10.3

HL, 2 1 8-238 TL) and CAS 20023 1 (73. 1 HL, 390+ TL); same data as for holotype. AMS L3 1 57-007

(2, 35.0-53.8 HL, 190-350 TL); off Cape Cuvier; 1,060-1,064 m; SS 1/9 1/21. AMS 1.31180-010

(57.5 HL, 310+ TL); sw. of Shoal Pt.; 945-960 m; SSl/91/48. CSIRO H2592-10 (2, 55.5-64.5 HL,

270+-367+ TL); w. of Leander Pt.; 942-970 m; SSl/91/58. CSIRO H4783-01 (2, 50.4-60.8 HL,
265+-237+ TL); Western Australia; SSl/91 (no other data). NMV Al 1385 (78.5 HL, 383 TL) and

NMV A 1 1 386 (54.6 HL, 3 1 2 TL); 95 km sw. ofGeraldton; 942-970 m; SSl/91/61. SA: CSIRO T32

1

(84.0 HL, 500+ TL); 33°58'S, 1 3 1 °49'E; 930 m; Margaret Phillipa sta. 6/3; 1 0.XI. 1 984. CSIRO T3 1

7

(62.6 HL, 387+ TL); 34°28'S, 132°03'E; 1,175 m; Margaret Phillipa sta. 6/19; 14.11.1984. CSIRO
T320(61.8HL,380+TL);34°10'S, 131°37'E; \,\\5 m^Margaret Phillipa sXSi. 10/5; 14. VI. 1985.

«i|L m'.

Figure 50. Trachonurus yiwardaus n.sp. Holotype, NMV A9643 (72.8 mm HL, 42 mm TL), from 115 km southwest of

Geraldton, WA, in 1,132-1,136 m. Fins partially reconstructed. Scale bar equals 25 mm.
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Uncertain Variant.—WA: CSIRO H3002-05 (55.9 HL, 280+ TL); se. of Albany; 35°23'S,

1 1 8°27'E; 1 ,030 m; Akehono Maru No. 3, shot 2; coll. A. Williams; 2 1 .XII. 1 989. NTM S. 1 27 1 6-010

(71.5 HL, 350+ TL); nw. of Monte Bello I.; 20°15'S, 114°50'E; 500-600 m; coll. D. Evans;

22.11.1990.

Counts AND Measurements (exceptional values are in parentheses).— ID. 11,6-9; P. il2-il8;

V. (6) 7; total GR-I (outer/inner) 3-8/9-13, GR-II 9-12/9-12; scales ID. 7-10, midbase ID. 4-7,

midbase ID.-A. 26-30, 2D. 6-9, 2D.-A. 17-23, lat.line 39-50; caeca 9-13.

Total length 238-500+ mm; HL 35.0-84.0 mm. The following in percent of HL: snout 25-31;

preoral 14-19; intemasal 20-25; interorb. 33-37(39); orb. 24-31; suborb. 12-15; postorb. 46-52;

orb.-preop. 32-38; up.jaw 33-39; barbel 6-14; gill slit 13-17; pre-A. 139-162; V.-A. 28-42; body

depth 73-92; 1D.-2D. 21-30; len. ID. 41-72; len. P. 37-67; len. V. 30-43; post, nostril ^10.

Description.— General features offish seen in Figure 50. Head about 6 in total length. Snout

rounded to bluntly pointed in profile, relatively high and not much protruding beyond mouth, length

less than interorbital width. Intemasal about 1.6-1.7 into least interorbital width. Orbits round,

greatest diameter much less than snout and interorbital. Upper jaw extends posteriorly to below

posterior 1/3 to 1/4 of orbit.

Body scales relatively small, spinules short, slender, erect (Fig. 49b); scales dorsally along

median line with strongly recurved spinules, scales along second dorsal and anal fins somewhat larger

than adjacent scales.

Gular and branchiostegal membranes liberally covered with small scales forming a Y-shaped

patch, with the arms of the Y over the anteriormost branchiostegal rays. In some specimens, scale

patch broken up. Area between pelvic fins and periproct usually scaled, but completely naked in a

few specimens.

Premaxillary teeth short, slender, in moderately wide tapered band about 4 to 6 teeth across widest

portion near symphysis, tapering posteriorly to 1 or 2 rows; outer series slightly enlarged. Mandibular

teeth also in band slightly narrower than that of premaxillary, narrowing to 2 or 3 rows posteriorly,

with inner series slightly larger than outer.

Pyloric caeca variable from short and stubby to long and fingerlike, length from much less than

suborbital width to almost twice suborbital; 1 1—13 counted in 5 specimens.

Color in alcohol apparently variable, but holotype and most of paratypes uniformly dark gray to

brownish gray. Smaller paratypes (formerly NMV A9643) from same collection as holotype had

blackish abdomen, snout, opercle, and subopercle; CSIRO T316 similarly colored, but most of head

pale gray, with free neuromasts on head prominently marked (no other specimen had such prominent

free neuromasts). CSIRO T320 exceptional in more brownish than grayish coloration.

Size.— Attains at least 50 cm TL.

Distribution.— Known only from WA and SA, from offCape Cuvier, WA, south and east to

GAB (longitude 132°E), in 930-1,175 m (but 770-1,293 m based on field data of AW).
Etymology.—From the Yindjibamdi word yiwarda, meaning ashes, in reference to the grayish

color of the species.

Comparisons and Remarks.— Trachonums yiwardaus is readily distinguished from other

Western Australian Trachonurus by its relatively small scales, heavily scaled gular and branchiostegal

regions, bluntly rounded snout profile, enlarged outer premaxillary teeth, presence ofa grooved lateral

line, and a gray overall color. The first four characters separate the species from T. sentipellis, the last

two separate it from T. gagates.

In the smaller oftwo specimens from off Cape Cuvier (AMS 1.3 1 1 57-007), the flexible spinous

dorsal fin ray had about nine small serrations along the leading edge. This is a most unusual

occurrence, as one of the primary diagnostic characters of the genus is the presence of a smooth

spinous dorsal fin ray. There is no question in our minds, however, that the specimen represents T.

yiwardaus.
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One specimen (CSIRO H3002-05) listed as an uncertain variant had only a small gular scale

patch and no scales on the branchiostegals, relatively high gill raker counts ( 1 3 on inner series of first

arch, 12 on both sides of second arch), narrow bands ofjaw teeth (about three teeth wide at symphysis

in premaxillary and dentary), short barbel (6% of HL), and was quite dark (swarthy to blackish). It

was captured along with a specimen of T. gagates, a species with which it agrees closely except for

its grooved lateral line. Another questionable specimen (from northwest of Monte Bello Point, NTM
S. 1 27 1 6-0 1 0) had finer spinules with flexible tips on body scales, fewer scales on the gular membrane,

slightly wider head (width equal to postorbital length plus half orbit diameter cf slightly more than

postorbital length in T. yiwardaus), posterior margin of preopercle inclined anteroventrally (cf. chord

of margin essentially vertical), and only seven nublike pyloric caeca.

Ventrifossa Gilbert and Hubbs, 1920

See Iwamoto and Merrett (1997), Sazonov and Iwamoto (1992), and Iwamoto (1990) for a

diagnosis of genus. The 20 or so species in the genus are readily allocated to this taxon, but

circumscribing the genus has been difficult because of the absence ofany recognized synapomorphy.

A good field character that is not usually apparent in formalin-preserved specimens is the silvery

reflections along the sides of head, trunk, and tail in most species. This silvery pigmentation obscures

much of the black markings on the head (notably on suborbital and operculum) and trunk in fresh

specimens. The blackish dorsal leading margin of the snout coupled with the relatively thin head

covering are distinctive to Ventrifossa and Hymenocephalus.

All six Australian species of the genus are found in Western Australia. Ventrifossa nigrodorsalis

is widespread in the central western Pacific and appears to be common off the northern and eastern

shores of Australia, including Queensland and New South Wales. Ventrifossajohnhohorum is found

off the east and west coasts of Australia and has been reported from the southeastern Pacific (Sazonov

and Iwamoto 1992). Ventrifossa macropogon Marshall, 1973 was first recorded from Australian

waters, although it has been recently reported from the New Caledonian region (Iwamoto and Merrett

1997). Ventrifossa sazonovi n.sp. is recorded from WA, QLD, and the South China Sea; V. paxtoni

n.sp. from NSW, QLD, WA, New Caledonia, and the Chesterfield and Bellona Plateau; and V. gomoni

n.sp. appears to be confined to WA.

Key TO THE Australian Species of Ventrifossa

la. Second spinous ray of first dorsal fin smooth V. sazonovi n.sp.

lb. Second spinous ray of first dorsal fin with finely serrated leading edge 2

2a. Lateral line scales over distance equal to predorsal length of head 65-75; suborbital shelf narrowly constricted

anteriorly; a small but distinct tubercle-like scale at apex of snout V. Johnhohorum

2b. Lateral line scales less than 5 1 over distance equal to predorsal length; suborbital shelf not especially narrow at ante-

rior end; no distinct terminal snout tubercle 3

3a. A prominent black blotch or streak across first dorsal fin; pelvic fm rays 8 or 9, usually 8; no dark longitudinal streak

over median nasal ridge; chin barbel moderate, 16-27% of head length V. nigrodorsalis

3b. No prominent blotch or streak on first dorsal fin. but fin may be dark proximally, paler distally; pelvic fin rays 8-10;

dark streak over median nasal ridge present or absent; chin barbel 22-45% of head length 4

4a. Outer premaxillary teeth notably enlarged, distinctly larger than teeth of inner band; first dorsal fin pale to light dusky,

darker proximally; a prominent dark median nasal streak; snout low, preoral length 9-14% of head length; preserved

specimens generally pale, with some blackish or dark regions on body and head, suborbital shelf with thin dark

margin, dark blotches on gill cover limited; pelvic fin rays 8—9. usually 8 V. gomoni n.sp.

4b. Outer premaxillary teeth scarcely larger than teeth of inner band; first dorsal fin pale to blackish; dark median nasal

streak present or absent; preoral length 1 1-19% of head length; overall color usually dark with substantial blackish ar-

eas, entire suborbital shelf blackish, gill cover extensively covered with dark markings; pelvic fin rays 8— 10 5
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5a. Chin barbel notably long, often thick, 34-^5% of head length; first dorsal fin pale or dusky, sometimes proximal

1/2 to 2/3 of anterior four rays and spines dark V. macropogon

5b. Chin barbel moderate length, usually thin, 25-38% of head length; first dorsal fin uniformly blackish, paler on

base in some V. paxtoni n.sp.

Ventrifossa gomoni new species

Fig. 51

No literature applies to this species.

Diagnosis.— Pelvic fin rays 8—9; first dorsal fin dusky proximally, paler distally, no distinct

black blotch or streak; a dark streak along leading edge of snout, with a median extension atop snout;

barbel 22-35% of head length, about 75-130% of orbit diameter; orbit diameter 1.3-2.1 into

postorbital length of head; outer premaxillary teeth distinctly enlarged, mandibular teeth in two

irregular rows; ground color of body in preserved specimens light brown, dorsum of trunk and tail

not strongly demarcated from lateral and ventral surfaces; suborbital shelf broad, not constricted

anteriorly, blackish streak covers shelf broadly or narrowly, but confined along dorsal portions.

SPECIMENS Examined.— Holotype: AMS 1.23425-003 (61.1 HL, 300+ TL); WA, NW Shelf;

400 m; S04/82/legl. Paratypes: WA: AMS 1.23423-012 (5, 34.1-50.1 mm HL, 130+-260+ mm
TL); NW Shelf; 376 m; S04/82/legl. AMS L23425-003 (4, 26.2-46.9 HL, 145+-222+ TL); same

data as for holotype. AMS 1.24449-001 (4, 45.1-about 53 HL, 245+-270 TL); NW Shelf; 450 m;

SOl/84/12. CAS 200225 (formerly NTM S.12588-016)(54.8 HL, 260+ TL); NW Shelf off Rowley

Shoals; 17°22'S, 1 18°38'E; 430 m; coll. W. Houston, WH-85-15; 2.XI.1985. NTM S.12590-010 (4,

44.3^8.6 HL, 226+-253+ TL); NW Shelf off Rowley Shoals; 17°23'E, 1 18°57'E; 430 m; coll. W.

Houston; WH-85-17; 3.XI.1985. NTM S. 12614-01 6 (3, 25.^52.4 HL, 135-260+ TL); NW Shelf off

Rowley Shoals; 1 7°39'S, 1 18°38'E; 410 m; coll. W. Houston; WH 85-33; 7.X1.1985. NTM S. 12727-

022 (2, 46.0-53.0 HL, 197+-260 TL); sw. of Rowley Shoals; 17°52'S, 1 18°28'E; 410 m; 9.n.l990.

CSIRO H1514-37 (5 spec); nw. of Port Hedland; 18°08.8'S, 1 17°54.5'E; 582 m; SO5/88/190; 1988.

Counts and Measurements (24 spec).— ID. 11,9-11; P. (il5) il8-i21; GR-I (outer/inner)

9-11/(13)14-15, GR-II 13-15/13-14.

Total length 1 50+-270; HL 26.2-6 1 . 1 mm. The following in percent ofHL: snout 25—3 1 ; preoral

9-14; intemasal 17-23; interorb. 23-28; orb. 24-34; suborb. 1 1-13; postorb. (43) 45-54; orb-preop.

38^7%) (usually 40-44%); up.jaw 42-48; gill slit 21-28; pre-A. 124-156; V.-A. 27^2; body depth

7^89; 1D.-2D. 45-79; ht. ID. 68-78; len. P. 49-61; len. V. 34-41; post, nostril 3-6.

Description.— General features of holotype shown in Figure 51. Snout low, short, pointed in

lateral view; blunt in dorsal view, width across lateral angles about equal to or slightly more than

interorbital width. Mouth large, upper jaw extends posteriorly to about vertical through hind margin

of orbit; barbel relatively thin and long.

Body scales highly deciduous, thin, covered with small, erect conical spinules in more or less

quincunx pattern. Spinuleless scales numerous (about 10-12) behind base of first dorsal fin, behind

pectoral fin, and along margin of gill cover.

Premaxillary teeth in broad band, with outer series large, recurved, and relatively widely spaced;

inner band teeth small. Mandibular teeth small, in about 2 irregular rows.

First dorsal fin origin well behind vertical through pectoral fin base, which in turn, lies behind

pelvic fin origin. Anal fin origin below about midbase of first dorsal fin. Outer pelvic fin ray scarcely

produced beyond other rays; barely extends to anal fin origin in some, to as much as 6th anal fin ray

in others.

Ground color in preserved specimens light to medium brown dorsally, tawny laterally and

ventrally; dark, somewhat violet colored over abdomen and chest; opercle and subopercle, lower
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portion ofpreopercle, margins oframus of lowerjaw, gill and gular membranes dark; upper lips black,

lower lips generally dark but pale near angle of mouth; leading edge of snout with black margin, the

pigmentation extending onto suborbital shelf, but not as intensely black as in other species (e.g., V.

nigrodorsalis, V. macropogon) and in some specimens confined to upper part of shelf; fainter blackish

margin along supranarial ridges and median nasal ridge (darker and more prominent in some
paratypes); a spear-shaped darker area on nape pointing forward from origin of first dorsal and

narrowly connected to a pair of small, dark projections at anterior end of nape; a faint dusky band

across anterior end of interorbital region. Mouth cavity immaculate except blackish along edge of

upper oral valve and small patch behind symphysis of lower jaw teeth; most ventral surfaces of gill

cavity, gill filaments, arches, and rakers pale, outer and upper margins blackish, but narrow edge of

branchial membranes pale; chin barbel dark only on base, remainder pale. First dorsal fin dusky

proximally, pale distally; second dorsal and anal fins pale throughout; pectoral fin pale to lightly

dusky, but sometimes darker near base; pectoral fin base, small area over axil, and lunate naked area

immediately behind fin blackish; pelvic fin black proximally, pale distally.

Size.— Attains at least 27 cm TL.

Distribution.— The species is known only from the North West Shelf ofWA, in 376-450 m.

Etymology.—^Named for our ichthyological friend and colleague Martin F. Gomon, curator in

the Museum of Victoria, Melbourne.

Comparisons and Remarks.— This pale-colored species and the dark-colored V. sazonovi are

easily distinguished from other Australian congeners by their relatively large outer series of premax-

illary teeth. In the other four Australian species, the outer series is scarcely larger than the inner band

of teeth. Ventrifossa gomoni can be distinguished from V. sazonovi by its serrated (as opposed to

smooth) spinous dorsal ray, among other characters. In addition to the teeth character, V. gomoni

differs from: V. nigrodorsalis in lacking the distinct black streak or spot on the first dorsal fin, and

having a well-marked median nasal streak, and a lower snout (preoral length 9-14% HL compared

with 14—23%); V. macropogon in having a lower snout (preoral length 9—14% HL cf. 13-17%), a

shorter barbel (22-35% HL cf. 34-45%), a somewhat narrower internasal width (17-22% HL cf.

21-25%), and a paler overall color; from V. paxtoni in having a narrower suborbital ( 1 1-1 3% HL cf.

13—17%), lower gill raker counts on second arch (13—14 total on inner side cf 15—18), and a long,

well-marked median nasal streak (cf. short and faint, or lacking). Three fairly recently described

species differ from V. gomoni in the following: V. longibarbata has a distinct black blotch on the first

dorsal fin, a higher snout, a somewhat larger orbit (31-38% HL cf. 24—34%), a shorter postorbital

length (39-44% HL cf. 43-54%), and more pectoral fin rays ("23-25".//Ve Okamura, 1982:157, cf.

i 1 8—i2
1 ); V. rhipidodorsalis has a distinct black blotch on first dorsal fin, a black distal margin on

anal fin, no median nasal snout streak, and slightly higher gill-raker counts (inner GR-II 15—16 total

cf. 13—14 in the new species); V. saikaiensis has an overall dark first dorsal fin, lacks markedly

enlarged outer premaxillary teeth, lacks a blackish leading snout margin and median snout streak, has

a somewhat broader interorbital (27-3 1% HL cf. 23-28%), somewhat longer upperjaw (46-52% HL
cf. 42-48%), and prominently marked scale pockets on body.

Ventrifossajohnboborum Iwamoto, 1982

Fig. 52

Ventrifossajohnboborum Iwamoto, 1982:55-61, fig. I (Bismarck Sea). Williams etal., 1996:149 (WA list).

Diagnosis.— Head broad, interorbital width 28-33% HL, less than orbit diameter; upper jaw
39-45% HL; barbel 13-19%) HL; scales small, 65-71 lateral line scales from origin over distance

equal to predorsal length; spinous ray of first dorsal fin weakly serrated; V. 8-10; suborbital shelf

narrowly constricted at anterior end; mouth blackish.
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Figure 5 1 . Ventrifossa gomoni n.sp. Holotype, AMS 1.23425-003 (6 1 . 1 mm HL, 300+ mm TL), off North West Shelf, WA,
in 400 m. Scale bar represents 25 mm. (a) Lateral view. Fins partially reconstructed, (b) Dorsal view of snout showing extent

of dark pigmentation along ridges. Scale bar represents 25 mm.

FiciURE 52. Ventrifossajohnboborum Iwamoto. (From Sazonov and Iwamoto 1992, fig. 30.)

Specimens Examined.— WA: CSIRO H 1492-1 1 ( 1 spec); NW Shelf, w. of Bairow I.; 420 m;

SO5/88/70. CSIRO H2542-23 (1 spec); Exmouth Plateau; 854^868 m; SS 1/9 1/03. CSIRO H2553-07

(1 spec); w. of Point Cioates; 910 m; SSl/91/14. CSIRO H2572-09 (1 spec); w. of Dirk Hartog I.;

874 m; SSI/91/35. CSIRO H2573-22 (2, 140-185 mm TL)); off Shark Bay; 690-691 m; SSI/91/36.

CSIRO H2580-[l I through 16); NW Shelf, sw. of Shark Point; 420 m; SSI/91/43. CSIRO H2584-[9

through 13]; w. of Shoal Point; 853 m; SS 1/9 1/49.

Size.— Attains about 48 cm TL.
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Distribution.— Widely distributed in tropical waters of the southern hemisphere, from the

Indian Ocean coast of southern Africa, east to Australia and into the Pacific, from Australia (WA,
TAS, NSW, QLD) and New Caledonia in the west, to the Sala y Gomez Ridge in the east. Off WA,
it has been taken between longitudes 21°49'S and 28°06'S. Depth range 540-850 m (Iwamoto and

Merrett 1997).

Comparisons and Remarks.— Ventrifossa johnboborum is a well-marked species that is

unlikely to be mistaken for any other grenadier in the West Australian region except as juveniles.

Ventrifossa fusca Okamura, 1982 and V. misakia (Jordan and Gilbert, 1904) are closely related, but

can be differentiated by characters provided in Iwamoto ( 1 990:305) and Sazonov and Iwamoto ( 1 992:

78-81). Iwamoto and Merrett (1997:85) noted differences in specimens from New Caledonia

compared with the holotype and material from the Sala y Gomez Ridge.

Ventrifossa macropogon Marshall, 1973

Fig. 53

Ventrifossa macropogon Marshall, 1973:658—660, fig. 5 (holotype, USNM 198187, nw. Caribbean, 576 m).

Williams et al., 1996:149 (WA list). Iwamoto and Merrett, 1997:85-87, fig. 35 (New Caledonia region;

675-833 m).

Diagnosis.— Pelvic fm rays 8-1 (usually 8 or 9); first dorsal fin lacking distinct black blotch;

a faint to prominent dark median nasal streak; chin barbel usually thick, long, 34^5% ofhead length;

preoral length 13-17% of head length; dorsal parts of trunk and tail darkly contrasted and sharply

demarcated from paler lateral and ventral parts of body; suborbital shelf broad with no anterior

constriction, entirely pigmented in black.

Specimens Examined.— WA: CSIRO H2549-09 (46.2 HL, 242+ TL); w. ofNW Cape; 650

m;SSl/91/10.AMSI.31166-009(5of6,26.8-39.1HL, 150+-223+mmTL);offSharkBay;610-612
m; SS 1/91/3 1. AMS 1.31 170-006 (5, 44.4-50.0 mm HL, 210-240 mm TL) and CSIRO H2573 (1 of

5, 48.5 HL, 240+ TL); off Shark Bay; 690-691 m; SS 1/9 1/36. CSIRO H3034-03 (39.8 HL, 195+ TL)

and H3034-1 1 (46.6 HL, 247+ TL); w. of Shoal Point; 28°06'S, 1 13°27'E; 649 m; Akebono Maru
No. 3, shot 34: coll. A. Williams; 27.XII.1989.

Counts and Measurements ( 1 5 WA spec).— 1 D. 11,9-1 1 ; P. i 1 8-i24 (usually i20-i2 1 ); total

GR-I (outer/inner) 9-1 2/13-15, GR-II 1 3-1 4( 1 6)/ 1 2-1 5; scales 1 D. about 8.5-1
1 , midbase 1 D. 6-8.5,

2D. 7.5-9.5, lat.line about 40-44.

Total length 150+-253+ mm; HL 26.8-50.0 mm. The following in percent of HL: snout 28-32;

intemasal 21-25; interorb. 25—28; orb. 30-36; suborb. 12—15; postorb. 41-46; orb.-preop. 39^5;
up.jaw 43-46; gill-slit 22-28; pre-A. 126-155; V.-A. 26-^0; body depth 74-95; 1D.-2D. 23-58; ht.

ID. 62-87; len. P. 52-61; len. V. 36-45; post, nostril 3-7.

Description.— General features seen in Figure 53. Snout barely protruding beyond mouth,

broadly rounded in dorsal view; width across lateral angles more than interorbital width, about equal

to orbit diameter and snout length. Upperjaw extends to below posterior l/4th of orbit; barbel usually

longer than orbit diameter.

Body scales densely covered with small, erect, conical spinules in more or less quincunx pattern;

spinules black. Spinuleless scales under margin of gill cover, beneath pectoral and pelvic fins, and a

small patch behind first dorsal fin.

Jaw teeth all small, in broad band 6-7 teeth wide in premaxilla with outer series slightly larger

than teeth of inner band; mandibular teeth small, conical in 2-A rows (usually 3 irregular rows), none

enlarged.
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Fin positions as shown in Figure 53. Leading edge of spinous second ray of first dorsal fin finely

serrated, the ray not produced beyond adjacent segmented rays. Outer pelvic fin ray slightly

prolonged, extending to 6th or 7th anal fin ray.

Specimens variable in overall darkness, some with swarthy or dark areas more extensive than in

others. Dark dorsum of trunk and tail sharply demarcated from paler lateral and ventral surfaces, the

division being stronger posteriorly toward dark-dusky tail tip, but sometimes faint in midbody region.

Dorsum of trunk often darker than adjacent anterior and posterior regions; abdomen dark with bluish

tinge. Ventral surfaces of chest and abdomen blackish; gular and gill membranes black; operculum

mostly black; a broad, diagonal, blackish streak from posteroventral comer of orbit to angle of

preopercle; leading edge of snout with blackish margin extending broadly onto entire suborbital shelf,

with dark streaks over median nasal and lateral nasal ridges. Lips sharply delineated in black; lower

jaw black along margins, dark along ramus; barbel with base narrowly black but overall pale. Mouth

cavity immaculate except for dusky dorsal oral valve and dusky to blackish ventral oral valve and

gum; roof of gullet dark. Gill chamber blackish except for pale hyoid regions and outer margins; gill

rakers and arches pale except for light peppering on rakers. First dorsal fin pale in smaller specimens

(less than ca. 40 mm HL) but dusky to dark in larger specimens; fin often paler over distal and posterior

margins. Pectoral fin with narrow black basal margin, and pale to dark dusky overall; pectoral axil

coal black, a lunate black margin behind base. Pelvic fin black at base and proximally, but distally

dusky or pale. Anal fin pale in smaller specimens, dusky to blackish (especially anteriorly) in larger

specimens.

Size.— The largest specimen examined from Australian waters was 25 cm; from New Caledo-

nian waters 32 cm. In the western Atlantic, the species is known to exceed 45 cm (personal

observations, TI).

Distribution.— In Australia known only from WA west of North West Cape (ca. 2 1
° S) south

to about 33°30'S, in 320-760 m. Specimens have also been examined from off New Caledonia (see

Iwamoto and Merrett 1997). Otherwise known only from waters of temperate and tropical western

North Atlantic.

Comparisons and Remarks.— The seemingly disjunct distribution of V. macropogon is

perplexing, although the presence ofthe species in Australian waters is in itself not surprising. Merrett

and Haedrich (1997) cite examples of several deep-demersal fishes found in North Atlantic and

Australian waters, but their distributions are continuously through the South Atlantic and Indian

Ocean. (The orange roughy, Hoplostethus atlanticus Collett, 1889 is an example.)

Based on distribution patterns and morphological variability in material collected from New
Caledonia (Iwamoto and Merrett 1997), it is conceivable that more than one species is involved, as

several recognized species of Ventrifossa appear extremely similar, and it is possible that we were

unable to detect differences that actually exist between our specimens. On the other hand, we may be

dealing with a single, widespread, highly variable species that frustrates our attempts at circumscrip-

tion.

Ventrifossa nigrodorsalis Gilbert and Hubbs, 1920

Fig. 54

Ventrifossa nigrodorsalis Gilbert and Hubbs, 1920:546-549, fig. 36 (holotype, USNM 83627, off n. coast of

Mindanao, Philippines, 391 m; paratypes from Formosa, Philippines, and East Indies [Borneo, Celebes] in

290-686 m). Williams et al., 1996:149 (WA list) Iwamoto and Merrett, 1997:87-90, fig. 36, 37a (New
Caledonia region; 545—855 m).

Diagnosis.— Pelvic fin rays 8—9 (usually 8), color black with distal and mesial margins paler;

first dorsal fin with distinct black blotch or streak across anterior part of fin; no dark streak over
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median nasal ridge; barbel 16-27% of head length, less than orbit diameter, pale with dark base; orbit

diameter 1.1-1.6 into postorbital length ofhead; outer premaxillary teeth slightly enlarged; dark dorsal

parts of trunk and tail strongly contrast the pale or silvery lateral and ventral parts of body; suborbital

shelf broad with no anterior constriction.

Specimens Examined.— WA: AMS L31 154-013 (3, 49.7-56.2 mm HL, 246+-295+ mm TL),

CSIRO H2554-09 (42.2 HL, 220 TL), and CSIRO H2554-1 1 (4, 48.8-54.3 HL, 230-260+ TL); sw.

of Point Cloates; 482-554 m; SS 1/9 1/1 5. AMS 1.22817-012 (6, 30.7^3.6 HL, 168-231+ TL); NW
Shelf; 520 m; S02/82/31-35. CSIRO H1492-13 (1 of 12 spec, 31.5 HL, 169 TL) and CSIRO
H1492-21 (2 of 12 spec, 38.7-48.4 HL, 206+-245+ TL); NW Shelf, s. of Barrow I.; 420 m;

SO5/88/70. CSIRO HI 5 14-1 1 (38.4 HL, 205+ TL); NW Shelf; 582 m; SO5/88/190. QLD: AMS
1.23613 (50.6 HL, 180+ TL); off Marion Reef; 19°06'S, I52°30'E; 650 m; 1987. AMS 1.20661 (3 of

8, 34.8-38.7 HL, 202+-223+ TL); e. of Murray Isles; 9°53'S, 144°23'E; 480 m; Queensland Fishery

Survey; 28.V.1983. AMS 1.20518-018 (2, 41.5^5.4 HL, 235+-250 TL); e. of Gold Coast; 548 m;

K78-09-05. AMS 1.21795-005 (2, 36.0-43.1 HL, 201+-240+ TL); ne. of Danger Point; 731 m;

K78-23-08. AMS 1.20459-027 (4, 37.9-45.0 HL, 20+-228+ TL); e. of Danger Point; 548 m;

K78-1 7-10. AMS 1.32433-007 (46.9 HL, 251 TL); Papua Plateau, e. of tip of Cape York; 10°29.8'S,

1 44°0 1 .4'E; 596-603 m; Franklin site 2; 20.VIII. 1 992. NSW: AMS 1. 1 5987-0 1 4 (3 1 . 1 HL, 203 TL);

30 miles ne. of Jervis Bay; 549 m; K71-11-09. AMS 1.21805-002 (5 of 25 spec, 28.0-38.8 HL,

175-238 TL); se. of Newcastle; 586 m; K77-23-09. AMS 1.21669-004 (3, 35.9-37.0 HL, 167+-235+

TL); e. of Broken Bay; 603 m; K77-16-16. AMS 1.24852-009 (25.5 HL, 128+ TL); off Broken Bay;

512-530 m; K84- 15-03. AMS 1.29535-005 (24.9 HL, 160 TL); c of Sydney; 540 m; K79- 15-01.

Counts and Measurements (41 spec).— ID. 11,9-11; P. il8-i22 (123); GR-I (outer/inner)

8-1 2/13-1 6, total GR-II 1 3-1 5( 1 6)/l 2-1 4; scales 1 D. 7-1 0, midbase 1 D. 5.5-7.5, 2D. 7.5-1 0, lat.line

39-42.

Total length 128+-295+ mm; HL 24.9-56.2 mm. The following in percent of HL: snout 2^33
preoral 14—22; intemasal 19-25; interorb. 24—30; orb. 29-35; orb.-preop. 38^5; suborb. 11-15

postorb. 40-46; up.jaw 37^5; gill slit 20-27; pre-A. 125-162; V.-A. 27-40; body depth 75-95

1D.-2D. 45-72; ht. ID. 64-96; len. P. 4^77; len. V. 37^8; post, nostril ^8.
Description.— General features shown in Figure 54. Snout short, conical in lateral profile,

barely protruding beyond large mouth; width across lateral angles more than interorbital width. Upper

jaw extends posteriorly to below middle of pupil or beyond; barbel moderately long and thin, length

less than orbit diameter.

Body scales thin, densely covered with small, erect, conical spinules in more or less quincunx

pattern; spinules often densely pigmented and blackish. Spinuleless scales under margin of gill cover,

beneath pectoral and pelvic fins, and behind first dorsal fin.

Small fine teeth in bands in both jaws; outer premaxillary teeth very slightly enlarged and not

prominent. Lower jaw band usually 3 or 4 teeth wide; premaxillary band 4—6 teeth wide.

Fin positions as shown in figure. Pectoral and pelvic fins originate about on same vertical; first

dorsal fin slightly behind that vertical; second dorsal fm beginning far behind first dorsal fin and

poorly developed throughout. Outer pelvic fin ray slightly prolonged, extending at most to bases of

first few anal fin rays.

Formalin-fixed specimens generally lack silvery guanine layer; dorsum dark, strongly contrasted

with pale lateral and ventral surfaces of body; color darkens, punctations increase toward tip of tail.

Leading edge of snout with broad black margin that joins black suborbital shelf; supranasal ridges

with some blackish margins, but only a trace over midorbit, a faint trace of a dark median nasal streak

in a few specimens, but absent in others. In fresh specimens silvery reflections obscure underlying

black pigmentation; silvery layer covers suborbital, gill covers, and lower 2/3 of trunk and tail. Lips

black; skin covering premaxillary and maxillary bones generally pale or lightly punctate; mouth lining

white; upper oral valve lightly peppered; gums of dentary dusky, that of premaxillary pale to dusky;
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gill arches and filaments generally pale, but rakers dark; chin barbel dark at immediate base but pale

distally. First dorsal fm spot or streak usually coal black and distinctive; spot extended as a broad

streak in many specimens, beginning on serrated spinous ray and fading beyond 5th or 6th ray. Pelvic

fins with inner distal portion pale or lightly dusky, with other parts black. Pectoral fin pale to dark

dusky overall, darker on base; a lunate area of naked black skin behind base. Anal fin clear to lightly

dusky but darker near anterior end.

Size.— To about 30 cm TL.

Distribution.— Known from off Australia (WA, QLD, NSW), New Caledonian region, and

Indonesia north to the Philippines and South China Sea, in 290-759 m. Distribution in WA confined

to NW Shelf (about 18°S, 117°E) and coasts south to off Point Cloates (about 23°S).

Comparisons AND Remarks.— VenUifossa nigrodorsalis is one of five closely related species

that have a distinct black blotch in the middle ofthe first dorsal fin; these include V. petersoni ( Alcock,

1891), V. longibarbata (Okamura, 1982), V. rhipidodorsalis Okamura, 1984, and V. ctenomelas

(Gilbert and Cramer, 1897). Ventrifossa petersoni appears to be most similar to V. nigrodorsalis but

differs in having a somewhat shorter preoral length (1 1-15% of HL cf 14—22%), a smaller orbit

(25—28% HL cf. 29—35%), and a longer postorbital length (orbit 1 .7-2.0 into postorbital). Ventrifossa

rhipidodorsalis differs in having an anteriorly black-edged anal fin and on average more pelvic fin

rays (9 or 10). Ventrifossa longibarbata has a longer barbel (more than orbit diameter) and smaller

body scales (9 or 10 below midbase of first dorsal fin, compared with about 5.5—7.5 in V. nigrodor-

salis). Ventrifossa ctenomelas from Hawaii is readily distinguished by its larger outer premaxillary

teeth, more rays in first dorsal fin (11,12—13), and smaller scales (11-12 scale rows below first dorsal

fin origin, 50-53 lateral line scales over distance equal to predorsal length).

This species complex deserves closer study, owing to the close similarity of the species and the

subtle characters that are used to differentiate one from another. Color patterns often differ among
individuals of the same species, and reliance on such characters to distinguish species may prove

unreliable. Variation in the relative intensity and the shape of the dark blotch on the first dorsal fin in

members of V. nigrodorsalis and V. rhipidodorsalis (see Okamura in Okamura and Kitajima, 1984)

lend an air of uncertainty in using such characters for species determinations.

Ventrifossa paxtoni new species

Fig. 55

Ventrifossa species (NSW) Iwamoto and Merrett, 1997:92, 93, fig. 33b (New Caledonia region; 760-970 m).

Ventrifossa sp. B: Williams et al., 1996:149 (WA).

Diagnosis.— Pelvic fin rays 9-1 (usually 9), fins all black; median nasal streak faint or absent;

chin barbel slender, moderately long, 24—35% (rarely to 38%) ofhead length; outer premaxillary teeth

small, scarcely enlarged; darker dorsum not strongly demarcated from paler lateral and ventral parts

of trunk and tail; suborbital shelf broad, without anterior constriction, almost entirely black.

Specimens Examined.— Holotype: AMS 1.27647-002 (58.4 mm HL, 3 1 7+ mm TL); NSW
off Sugarloaf Point; 880-950 m; K87- 16-02. Paratypes: NSW: AMS L27647-002 (57.3 HL, 306+

TL); same data as for holotype. AMS 1.28 1 89-005 (2, 49.2-59.0 HL, 232+-235+ TL); e. ofNewcastle;

960 m; K87-24-03. AMS L24990-001 (52.4 HL, 294+ TL); off Sydney; 927-955 m; K84-16-13.

AMS 1.29753-008 (4, 26.7-47.4 HL, 145+-255+ TL); e. of Crowdy Head; 878-933 m; K89- 17-06.

AMS 1.29805-00 1 (55.2 HL, 259+ TL); e. ofHawks Nest; 885-950 m; K87-24-04. AMS 1.2698 1 -005

(5 of 6, 54.9-57.7 HL, 252-3 10 TL); e. of Wallis Lake; 900-960 m; K87-02-01 . QLD: AMS 1. 1 5822

(2, 62.8-68.6 HL, 295+-370+ TL); 10-11 miles ne. of Raine Island; 900 m; 12.11.1979. New
Caledonia: CAS 86476 (56.4 HL, 305+ TL); 23°07.26'S, 166°50.45'E; 850 m; BIOCAL exped., st.

CP31; R/V Jean-Charcot- 29.VII1.1985. Chesterfield and Bellona Plateau: MNHN 1994-1010 (6,
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Figure 55. Veutrifossa paxtoni n.sp. Paratype, CAS 86476 (305+ mm TL) from offNew Caledonia in 850 m. From Iwamoto

and Merrett 1997. fig. 33b. Scale bar represents 25 mm.

64.8-82.1 HL, 325+-380+ TL); MUSORSTOM 5 exped., st. CP384; 19°42.40'S, 158°50.80'E;

772-756 m; R/V Coriolis; 21.X.1986. BMNH 1996.7.19:38, 46-58 (4 spec.) and MNHN 1997-668

(33.2 HL, 1 64+ TL); MUSORSTOM 5 exped., St. CC337; 1 9°53.80'S, 1 58°38.00'E; 4 1 2^30 m; R/V

Coholis; 15.X.1986. Other Specimens (not paratypes): WA: CSIRO H2621-01 (480 TL); w. of

Bunbury; 780 m; SSl/91/90. CSIRO H2549-09 (43.3 HL, 245 TL) and H2549-16 (305 TL); w. of

NW Cape; 650 m; SSl/91/10. CSIRO H3145-26 (4, 170-220 TL); Rowley Shoals area; 17°52'S,

118°16'E;550m; 1992.

Counts and Measurements (24 spec.; see also Diagnosis).— 1 D. 11,9-1 1 (usually II, 1 or 1 1 );

P. 120-125 (usually 120-123); total GR-I (outer/inner) 10-13/15-18, GR-II 14-18/15-18; scales ID.

8-12, midbase ID. 5.5-8.5, 2D. 7.5-9.0, lat.line 37-50.

Total length 145+-380+ mm; HL 26.5—87.5 mm. The following in percent of HL (exceptional

measurements enclosed in parentheses): snout (24) 26-31; preoral 10-19; intemasal 20-26 (29)

interorb. 24-30; orb. 27-34 (38); suborb. 13-17; orb.-preop. 42^8; postorb. 43-52; up.jaw 43-50

gill slit 24-30; pre-A. 122-164; V.-A. 27^5; body depth 77-96; 1D.-2D. 38-61 ;ht. ID. about 63-73

len. P. about 50-65; len. V. about 40; post, nostril 3-6.

Description (of holotype, paratypes in parentheses unless otherwise stated).—Head and trunk

moderately compressed; head about 5 times in total length; body depth about 0.8 into head length,

more than postrostral length. Snout blunt in holotype, almost rounded in a few larger paratypes,

relatively lower in larger than in smaller specimens, especially those 60 mm or more in head length,

slightly extending beyond large subterminal mouth. Upper jaw extends posteriorly to below hind

margin of orbits. Orbit circular (to slightly oval), diameter slightly more than (about equal to) snout

length and interorbital width, 3.4 (2.7-3.7) into head length (size dependent, largest specimens have

proportionally smallest orbit). Suborbital region almost vertical, without strong or sharp ridge;

suborbital shelf broad, not narrowly constricted under anterior end of orbit. Opercular bones as for

most others of genus, as described for V. sazonovi.

Teeth all small, rather blunt with low flanges below tip; in broad band in premaxillary with outer

series scarcely enlarged; in 2 or 3 irregular series in mandible.
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Body scales covered with small, conical, sharp, reclined, slightly recurved spinules arranged in

subparallel (somewhat divergent or convergent) rows (about 15 or 16 rows, with posteriormost

spinules on exposed field somewhat larger than those preceding), rows short, about 4 to 6 spinules

per row. Spinules dorsally on trunk and tail, nape, and especially those remaining on chest all black

or black at base.

Height first dorsal fin less than postrostral length of head, spinous second ray finely serrated, not

prolonged beyond adjacent segmented rays. Second dorsal fin poorly developed throughout length;

anal fin well developed. Pelvic fin short, outer ray scarcely produced, barely, if at all, reaching anal

fin. First dorsal fin origin behind vertical through pectoral fin origin; origin pectoral fin slightly behind

that of pelvic fins. Anal fin origin below midbase of first dorsal fin.

Color in alcohol overall rather dark, swarthy in NSW and QLD specimens, but much paler in

WA specimens. In holotype and NSW specimens, entire head, chest, and abdomen swarthy, but WA
specimens more pale. Blackish margins of snout, supranarial ridges, suborbital shelf prominently

black in NSW specimens, much paler inWA specimens. Barbel blackish at and near base, pale distally.

Lips black, mouth cavity almost entirely pale but upper oral valves lightly peppered (blackish), and

gums dusky; roof of gullet dark. Gill chamber walls black, with contrasting white areas over hyoids,

gill filaments, and to some extent, isthmus. Gular and branchiostegal membranes dark to black. First

dorsal and pelvic fins black, pectoral fin black at base, blackish to dark dusky more distally. Anal fin

intensely blackish anteriorly at base, dark dusky over most of length, becoming swarthy to blackish

near end of tail (paler in these features in WA specimens).

Size.— To at least 43 cm TL.

Distribution.— So far known only from Australia (NSW, QLD, WA), New Caledonia, and

the Chesterfield and Bellona Plateau, in 878—1,053 m.

Etymology.—Named in honor of John R. Paxton, former curator at the Australian Museum,

Sydney, for his many contributions to ichthyology.

Comparisons and Remarks.— Of the Australian species, V. paxtoni appears most closely

similar to V. macropogon, but that species has a distinctly longer and thicker barbel (34^5% HL)

and its median nasal dark streak is much more prominent. In addition, gill-raker counts are notably

higher in V. paxtoni. Ventrifossa gomoni bears some resemblance to V. paxtoni, but it has a somewhat

narrower intemasal ( 1 7—23% HL cf 20-26%, exceptionally 29% in V. paxtoni), a narrower suborbital

(1 1—13% cf 13—17%), generally fewer gill rakers, and a more prominent median nasal streak.

Among western North Pacific species, V. paxtoni appears to be most similar to V. saikaiensis

Okamura, 1984 in having a completely dark first dorsal fin, large mouth, small premaxillary teeth,

relatively numerous gill rakers, and similar proportions and counts. The chin barbel of V. saikaiensis,

which, according to Okamura {in Okamura and Kitajima 1984:209) is always more than orbit

diameter, appears to be somewhat longer than in V. paxtoni, in which the barbel is usually shorter

than the orbit, but varies from 0.84 to 1 .29 into orbit. Four paratypes of V. saikaiensis were made

available to us by Dr. Okamura. In three of these four (BSKU 28005, 28007, 28008), the pelvic fin

ray counts were 8 on each fin, but in the fourth (BSKU 28006), the left side had 8, the right 9. Okamura
recorded 8 and 9 in the holotype, with a range of 8—9 in the paratypes. Ventrifossa paxtoni has 9 or

10 pelvic rays, usually 9. The outer gill raker counts on the first arch were slightly higher in K
saikaiensis ( 1 2— 1 5 cf 1 0-1 3 ), and the count of scale rows below the second dorsal were slightly lower

(7.0-7.5 cf 7.5-10). One notable pigmentation difference between the two species was the absence

in V. saikaiensis ofdark border markings on the leading edge of the snout, over the supranarial ridges,

and on the median nasal ridge. These markings are prominent in V. paxtoni.

The Western Australian specimens are tentatively assigned to this species, although their overall

paleness and certain count and measurement differences suggest that they might not be conspecific

with V. paxtoni. In general, there was good overlap in most counts and measurements, but the WA
specimens often were at one end or another of the ranges and occasionally extended them marginally.
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It is apparent that additional specimens from WA must be compared with material from other areas

of its range to confirm their identification.

Ventrifossa sazonovi new species

Fig. 56

Ventrifossa species 1: Iwamoto, 1990:293 (in key).

Ventrifossa species: Sazonov and Iwamoto. 1992:83, fig. 33 (in key and scatter diagram.)

Ventrifossa sp. A: Williams et al., 1996: 149 (WA).

Diagnosis.— Pelvic fm rays 9-10; second spinous ray of first dorsal fin fin with smooth leading

edge; a well-marked median nasal streak; chin barbel dark, length 17-24% of head length; outer

premaxillary teeth notably larger than teeth of inner band; dorsum not strongly demarcated in color

from rest of body in preserved specimens; suborbital shelf narrows anteriorly, somewhat constricted

at anterior end.

Specimens Examined.— Holotype: CAS 13564 (male, 63.6 mm HL, 297+ mm TL); South

China Sea off Vietnam; 15°48'N, 109°47'E; 479 m; MV Stranger sta. 60-63 (Naga 60-216; GVF
2079); 28. n. 1960. Paratypes: WA: AMS L31 166-006 (6, 38.2-71.5 mm HL, 200-330 mm TL);

off Shark Bay; 610-612 m; SSl/91/31. NT: NTM S.12457-003 (47.9 HL, 240+ TL); Arafura Sea,

se. of Tanimbar I.; 8°36'S, 132°00'E; 525-540 m; coll. M. Sachse; l.Vn.l988. QLD: CSIRO
H1973-01 (44.2 HL, 220+ TL); Marian Plateau, e. of Townsville; 879-886 m; S06/85/36. SOUTH
CHINA SEA: CAS 99817 (7, 25.^57.7 HL, 13^274+ TL); data as for holotype.

Counts and Measurements (21 spec).— ID. 0,9-10; P. 119-125; total GR-I (outer/inner)

10-15/15-20, GR-II 14-18/15-19; scales midbase ID. 7-8, 2D. ca. 7.5-8.5.

Total length 132+-340+ mm; HL 21.9-71.5 mm. The following in percent of HL: snout 26-29;

preoral 6-12; intemasal 19-25; interorb. 22-28; orb. 25-35; suborb. 1 1-14; postorb. 45-51; orb.-

preop. 43-46%; up.jaw 45-50; gill slit 23-29; pre-A. 128-157; V.-A. 26-44; body depth 71-83;

1D.-2D. 41-60; ht. ID. 56-74; len. P. 42-65; len. V. 32-39; post, nostril 2-6.

Description (of holotype, paratype data as for holotype or in parentheses).—Head and trunk

compressed, width over pectoral fin bases about 0.6, head about 0.7 greatest body depth. Greatest

depth somewhat less than postrostral length of head, 6.5 (6.0-6.5) in total length. Snout low, blunt,

scarcely protruding beyond large subterminal mouth, about equal to (slightly shorter than) interorbital

width. Orbit almost circular, diameter greater than snout length and interorbital width, 3.3 (2.8-3.6)

in head. Mouth large, upper jaw extends about to vertical through hind margin of orbit, length 2.1

(2.0-2.2) in head length. Barbel slender, tapering to fine tip, 0.58 (0.56-0.73) orbit diameter.

Interorbital region essentially flat. Suborbital region vertical, gently rounded, without strong or sharp

ridges; suborbital shelf slightly narrowed anteriorly. Preopercular ridge distinctly delineated; hind

margin of preopercle inclined slightly forward. Posterior and ventral margins of interopercle exposed

beyond preopercle. Ridges of gill cover distinctly incised at junction of opercle and subopercle;

subopercle terminating in a blunt, triangular point. Gill membranes unite under hind one-third of orbit,

narrowly attached to isthmus; a narrow free posterior fold.

Teeth in upper jaws in long, moderately broad band that tapers posteriorly to a narrow point at

end of rictus; outer series of enlarged wide-spaced recurved teeth with slightly flanged tips (arrow-

head-shaped); inner teeth minute. Mandibular teeth short, stoutly conical, in 2 irregular series, outer

series smaller than inner series, scarcely exposed above gum papillae.

Body scales deciduous, mostly missing in specimens examined. In holotype, those on dorsum

below second dorsal fin progressively beset with increasingly stout, long spinules (Fig. 56a'). Near

origin of second dorsal fin, spinules fine, conical, slightly reclined, and bespeckled with large

melanophores, an occasional midlateral spinule being larger than the remainder. Enlarged spinules
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increase in size and number on more posterior scales. No scales remain on flanks. Nape scales covered

with uniformly small, conical, relatively erect spinules in typical (for genus) irregularly quincunx or

widely (and irregularly) divergent, V-shaped rows. Chest scales densely covered with spinules similar

to those on nape except that they are longer and more erect. No terminal or enlarged scutelike scales

on snout. Scales below second dorsal fin missing in paratypes smaller than about 40 mm HL; spinules

on these scales may not have been as enlarged as in larger individuals.

First dorsal fin relatively low, height much shorter than postrostral length of head, about equal

to or (usually) slightly longer than length pectoral fin. Second dorsal fin rudimentary to poorly

developed over most of length; 146 rays counted in 162 mm paratype with small rudimentary tail tip.

Anal fin ofmoderate height, well developed throughout; 1 40 rays counted in 1 62 mm paratype. Pelvic

fin short, outer ray barely, if at all, reaches anal fin. Origin of first dorsal fin behind vertical through

pectoral fin origin, which is behind that of pelvic fin. Anal fin origin below midbase of first dorsal

fin.

Color in alcohol light brownish overall, dark over most of head, abdomen, and chest. (South

China Sea specimens pale, possibly because they have been in alcohol for more than 30 years. Fresher

Australian paratypes generally darker.) Dorsum of trunk and tail slightly darker than surfaces

ventrally, but without sharp demarcation. Ridges of head mostly dark (notably so in Australian

specimens); leading margin of snout, suborbital shelf, median and lateral nasal ridges marked with

faint (prominent in many paratypes) blackish pigmentation. Lips, underside of head, operculum

mostly blackish; barbel pale (to dark); a faint (dark) oblique bar extending from posterior margin of

orbit towards angle of preopercle, but falling short of preopercle ridge. Distal surfaces of medial walls

of infraorbital bones blackish (visible through translucent skin). Mouth cavity white, roof of gullet

blackish; gums dark, upper oral valve blackish. Gill cavities dark with pale inner areas (as in other

species of genus); gill rakers and arches generally pale with tiny punctations (or dusky). First dorsal

fin dusky (darker proximally); pectoral fin dusky, axil blackish; pelvic fins black, with slight fading

near tips; anal fin dusky (anterior l/5th or more dark dusky, turning paler posteriorly).

Periproct region as for others of subgenus. Anterior dermal window a small, circular, shallow

black fossa between pelvic fin bases, separated by a scaly bridge from periproct. Posterior dermal

window a black naked area immediately anterior to vent and forming anterior end of oval- to

teardrop-shaped periproct. About 74 slender, densely packed pyloric caeca, longest about equal to

length of barbel in 57.7 mm HL female paratype from South China Sea. Gonads in this specimen

large; eggs of various sizes, up to 1.3 mm in diameter.

Size.— To at least 34 cm TL.

Distribution.— So far known only from WA, NT, and QLD in Australia, and the South China

Sea off Vietnam, in 420-612 m. OffWA it has been taken only off the NW Shelf (about 21 °S) and

offShark Bay (about 25°S).

Etymology.—Named for our Russian colleague and fellow student of grenadiers, Yuri I.

Sazonov, curator of ichthyology in the Zoological Museum, Moscow State University.

Comparisons and Remarks.— Ventrifossa sazonovi is one of four members of the genus

having a smooth, second, spinous dorsal fin ray. The four species also share in common the character

of mandibular teeth in 1 or 2 irregular series, snout relatively low, gill raker counts relatively high,

and mouth large. The new species differs from the others in having enlarged spinules on scales below

the second dorsal fin in adults. In addition, V. atherodon (Gilbert and Cramer, 1897) from the

Hawaiian Islands differs in having somewhat larger orbits (32-40% HL cf. 25-35%); V. macrodon

Sazonov and Iwamoto, 1992 has a longer barbel (23-34% HL cf. 17-24%)) and a somewhat shorter

postorbital length (39-47% cf. 45-5 1 %); and V. macroptera Okamura, 1982 has longer pectoral fins

(1.3-1.5 in HLcf. 1.5-2.2).
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Subfamily Macrouroidinae

Squalogadus and Macrouroides Smith and Radcliffe, 1912, each with a single species, are the

only members of this peculiar group of grenadiers. There is some controversy as to whether or not

the group should be treated at the subfamily level or at the family level (see Cohen 1989), and it is

possible that the two species do not even belong within the Macrouroidei. Although Macrouroides

was not represented in WA, its presence there would not be surprising as it has a broad, generally

worldwide distribution (Philippines, Indian Ocean, South Atlantic, central western Atlantic).

Squalogadus Gilbert and Hubbs, 1916

Only one species, found circumglobal, except eastern Pacific.

Squalogadus modificatus Gilbert and Hubbs, 1916

Fig. 57

Squalogadus modificatus Gilbert and Hubbs, 1916: 1 56 (Japan). Shcherbachev and Piotrovskiy, 1 982:47 (world-

wide distr. plotted; 600-1,740 m). Shcherbachev, 1987:41 (Indian Ocean distr. including Mascarene Ridge,

West Australian Ridge, Exmouth Plateau; 800-1,740 m).

Squalogadus intermedius Grey, 1959:330 (Gulf of Mexico).

Diagnosis.— Head massive, inflated, with rounded contours. Opercular cavity large, opercu-

lum extending well beyond gills; first gill slit unrestricted. Gill rakers on outer margin of first gill

arch numerous (20), styliform. Jaws relatively short; markedly inferior. One continuous dorsal fin,

anterior section not elevated. Pelvic fins small, with five rays.

Specimens Examined.— WA: CSIRO H2614-03 (110 mm HL, 322+ mm TL); 1280 m;

SSl/91/82. CSIRO H2544-01 (113 HL, 304+ TL); 1,128-1,139 m; SSl/91/04. CSIRO H2570 (77

HL, 198+ TL); 1,254^1,277 m; SSl/91/33.

Counts and Measurements (based on 3 spec).—P. 122-129; V. 5; total GR-I (outer/inner)

28-31/17-22, GR-II 16-19/17-19; scales ID. 12-13.

Total length 198-322+ mm; HL 77-1 13 mm. The following in percent HL: postrostral 74—80;

snout 31-33; preoral 42—44; intemasal 37-40; interorb. 38-46; orb. 11; suborb. 29—30; postorb.

64—68; orb.-preop. 62-64; up.jaw 26-33; premaxillary 24-27; pre-A. 121-125; pre-vent 119-122;

V.-A. 28-31; isth.-A. 41^3; body depth 64-67; depth over A. origin 42-50; post, nostril 3; rictus

23-30.

Size.— To at least 35 cm TL.

Distribution.— Widespread in tropical and southern temperate seas, but absent in eastern

Pacific.

Comparisons and Remarks.— An easily recognizable grenadier, separated from

Macrouroides in/laticeps, the only other representative of the subfamily, by the presence of pelvic

fins (absent in Macrouroides).

Subfamily Trachyrincinae

Two genera, Trachyrincus and Idiolophorhynchus. Only the latter has been found off WA, but

the former can also be expected as Gomon and others (1994) have recorded T. longirostris from off

Portland, VIC.
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Idiolophorhynchus Sazonov, 1981

Only one distinctive species, so far known only from off Australia and New Zealand.

Idiolophorhynchus andriashevi Sazonov, 1981

Fig. 58

Idiolophorhynchus andriashevi Sazonov, 1981 : 1,360-1 ,363, figs. I, 2 (holotype ZMMSU P-15341; WA. e. of

CapeLeeuwin;33°22'S, 113°59'E; 1,190-1,230 m). McMillan, 1995:84, 85, fig. 1 (descr.; 17 New Zealand

spec; 1,030-1,484 m).

Diagnosis.— Snout long, pointed, flattened dorsoventrally; mouth inferior; small teeth in bands

in both jaws; barbel absent. Gill rakers numerous; outer rakers on first arch long, tapering to fine tip;

remaining rakers relatively short, with broad rounded tips. Pelvic fin with 3^ rays. Four longitudinal

rows of scutelike scales on each side; 1 dorsolaterally, 2 ventrolaterally, and 1 midlaterally; interven-

ing areas with weak, unspinulated scales or naked. Bony ridges of head smooth or with small

posteriorly directed spines. No temporal pit.

Specimens Examined.— WA: CSIRO H2623-01 (79.2 mm HL, 263 mm TL); off Cape Leeu-

win; 1,040-1,045 m; SSl/91/92.

Counts and Measurements (based on 1 spec).— ID. 10; P. il7-il9; V. 3; total GR-I

(outer/inner) 26/17, GR-II 17/16; scales ID. 8, 2D. 6.

Total length 263 mm; HL 79.2 mm. The following in percent of HL: snout 47; preoral 46;

internasal 26; interorb. 31; orb. 21; suborb.14; postorb. 35; orb.-preop. 29-30; up.jaw 15; outer gill

slit 9; pre-A. 150; pre-vent. 145; body depth 48; V.-A. 49; isth.-A. 67; len. P. 46; len. V. 53; post,

nostril 7.

Description.— Body elongate, tapering posteriorly to a point; greatest body depth at opercu-

lum. Snout long, sharply pointed, lacking terminal scute, flattened dorsoventrally; anterolateral

margins completely supported by bone; bony ridges ofhead smooth or with small, posteriorly directed

spines. Orbits small, more than twice into snout length; oblique, with notch in posteroventral margin.

Mouth small, inferior, rictus 2.3 times into preoral length, posterior margin of maxilla in line with

posterior margin of orbit. Barbel absent. Suborbital ridge poorly developed, narrow, bearing no

spinulated scales; a small cluster of scutelike scales where ridge extends to posterior margin of

operculum. Opercle and subopercle poorly developed; preopercle bearing a small, central bony keel.

Gill opening relatively wide, extending forward almost to posterior margin of orbit. Gill rakers

numerous; outer rakers on first arch long, flattened, and closely spaced, tapering to fine tip with fine

teeth on posterior margins; inner rakers on first arch and those on remaining arches relatively short,

stout, with broad, rounded tips bearing short, fine teeth.

Teeth small, in narrow bands in both jaws; tooth bands tapering gently to single row of teeth

posteriorly. Two dorsal fins of similar height separated by indistinct notch; second dorsal fin long,

rays more developed than those of anal fin. Pectoral fin moderately long, leading ray not prolonged.

Leading ray of pelvic fin fine, prolonged to origin of anal fin, inner ray fine and short.

Scales of 2 types: enlarged, adherent, scutelike with single, curved, central spine or small,

deciduous, weak, and unspinulated. Scutelike scales forming 4 longitudinal rows on each side; 1

dorsolaterally, 2 ventrolaterally, and 1 midlaterally; additional row of scutelike scales curves between

pectoral fin base and isthmus; dorsolateral row extends from nape for about 50% TL; midlateral row

originates dorsal to pectoral fin base and about equal to postrostral length; long ventrolateral row

intersects pectoral/isthmus row just posterior to pelvic fin base and extends just posterior to dorso-

lateral row; short ventrolateral row extends from midpoint of isthmus and vent to anal fin origin; 1-2

scutes on inner margin of pelvic fin base. Areas between primary scale rows and entire head covered
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Figure 57. Squalogadus modificatus Gilbert and Hubbs. CSIRO H26 14-03 (320 mm TL), from west of Rockingham, in

1,310m.

•^.

Figure 58. Idiolophorhynchusandhashevi Sazonov. CSIRO H2623-01 (79.2 mm HL, 263 mm TL) from offCape Leeuwin,

WA, in 1 040 m. Drawn by Georgina Davis.

with weak, unspinulated scales; these larger on head than on body; lost scales leave conspicuous and

distinctive pattern of scale-pocket margins on head and body; narrow naked margins adjacent to bony

head ridges.

Body color brown; skin in scale pockets pale; branchiostegal membranes dark brown; branchial

cavity and buccal cavity blackish brown. All fins light dusky brown.

Size.— To at least 26 cm TL.

Distribution.— Southern Australia and New Zealand; 1,030-1,484 m.

Comparisons and Remarks.— Idiolophorhynchus andriashevi is a distinctive grenadier and

is unlikely to be confused with other species. The species has been treated in a recent review of

trachyrincine grenadiers from New Zealand by McMillan (1995).



IWAMOTO AND WILLIAMS: GRENADIERS OF WESTERN AUSTRALIA 237

Appendix 1. Station data for vessels Southern Surveyor, Kapala, and Soela.

FRY SOUTHERN
[H2541

[H2542

[H2544

[H2545

[H2548

[H2549

[H2550

[H2551

[H2552

[H2553

[H2554

[H2557

[H2559

[H2561

[H2563

[H2568

[H2570

[H2572

[H2573

[H2574

[H2578

[H2579

[H2580

[H2581

[H2583

[H2584

[H2591

[H2592

[H2595

[H2596

[H2599

[H2604

[H2605

[H2606

[H2607

[H2614

[H2615

[H2616

[H2617

[H2618

[H2621

[H2623

[H2626

SURVEYOR stations

- WA: Exmouth Plateau; 20°17.8'S, 1 13°I2.3'E; 914 m; 1991.

- WA: Exmouth Plateau; 20°07.8'S, 1 12°56.3'E; 854^868 m; 1991.

-WA: Exmouth Plateau; 20°55.4'S, 112°51.5'E; 1 128-1 139 m; 23.1.1991.

-WA: Exmouth Plateau; 21 °28.2'S, 1 13°38.6'E; 1022-1023 m; 24.1.1991.

- WA: w. of North West Cape; 21°44.7'S, 1 13°52.3'E; 320-290 m; 24.1.1991.

- WA: w. of North West Cape; 2 1 °49. 1'S, 1 1 3°47.6'E; 650-685 m; 24.1. 1 99 1

.

- WA: w. ofNW Cape; 21°54.rS. 1 13°40.7'E; 1.158-lJOO m; 24.1.1991.

-WA:w. ofNWCape;21°58.7'S, 113°08.7'E; 1,460-1,500+ m; 1991.

-WA:nw. of Point Cloates; 22°26.2'S, 113°12.3'E; 1,305 m; 1991.

- WA: w. of Point Cloates; 22°45.8'S, 1 13°13.6'E; 910 m; 1991.

- WA: off Point Cloates; 22°57.6'S, 1 13°14.4'E; 482-554 m; 26:1:1991.

- WA: w. of Cape Farquhar; 23°42.9'S, 1 12°35.9'E; 620 m; 1991.

-WA: off Cape Cuvier;24°00.4'S, 111°54.I'E; 1,060-1,064 m; 27.1.1991.

-WA: w. ofCapeCuvier;24°07.5'S, 11I°39.4'E; 1,320 m; 1991.

-WA:w. of Quobba Point; 24°30.6'S, 1 1 1°50.4'E; 895-901 m; 18.1.1991.

- WA: off Shark Bay; 25°I9.rS, 1 1 1°56.6'E; 610-612 m; 29.I.199I.

- WA: off Shark Bay; 25°52. 1'S, 1 1 1 °27.2'E; 1 ,254-1 ,277 m; 29.1. 1 99 1

.

- WA: w. of Dirk Hartog I.; 26°04.4'S, 1 1 l°47.rE; 874-882 m; 1991.

-WA:w. of Steep Point; 26° 14.5'S, 1 1 2°03.2'E; 690-691 m; 30.I.I991.

- WA: off Shark Bay; 26°35.7'S, 1 12°29.0'E; 508-500 m; 30.1.1991.

- WA: sw. of Shoal Point; 28°04.1'S, 1 12°42.6'E; 853-854 m; 1. II. 1991.

- WA: sw. of Shark Bay; 26°58.2'S, 1 12°21.4'E; 66^-688 m; #1991.

-WA: NW Shelf, sw. of Shark Point; 20°40.8'S, 114°43.4'E; 713-714 m; 1991.

- WA: off Shark Bay; 27°22.1'S, 1 12°10.8'E; 996-1,009 m; 3I.I.I991.

- WA: nw. of Shoal Point; 28°00'S, 1 12°4I.0'E; 945-960 m; 1. II. 1991.

- WA: w. of Shoal Point; 28°00.6'S, 1 12°41.9'E; 853-854 m; 1991.

- WA: 90 km sw. of Geraldton; 29°20.5'S, 1 1 3°58.3'E; 490-505 m; 6.II. 1 991

.

- WA: w. of Leander Pt; 29°2 1 .8'S, 1 1 3°46.6'E; 942-970 m; 6.II. 1 99 1

.

-WA:w. ofLeanderPt.;29°21.8'S, 113°46.6'E; 1,132-1,136 m; 6.II.1991.

- WA: wnw. of Green Head; 29°50.3'S, 1 14°10.9'E; 770-760 m; 7.II.1991.

- WA: 50 km w. of Green Head; 30°00.0'S, 1 14°27.1'E; 480-490 m; 8.II.1991.

- WA: sw. of Ledge Point; 31°14.9'S, 1 14°52.3'E; 512 m; 1991.

- WA: nw. of Rottnest I.; 31°43.0'S, 1 14°58.7'E; 485 m; 1991.

WA: Rottnest Canyon; 32°02.3'S, 1 14°54.5'E; 670-640 m; 10.2. 1991.

- WA: Rottnest Canyon; 3 1 °54. 1 'S, 1 1 5°04.6'E; 550 m; 1 99 1

.

-WA:32°19.8'S, 114°28.6'E; 1280 m; 1991.

-WA: w. ofMandurah, 32°33.0'S, 114°25.8'E; 1,140 m; 1991.

-WA:w. ofMandurah, 32°40.4'S, 1 14°28.2'E; 880-960 m; 14.11.1991.

-WA:33°17.9'S, 1 14°12.6'E; 982 m; 14.11.1991.

-WA:33°17.9'S, 1 14°30.8'E; 468-430 m; 15.11.1991.

-WA:33°25.5'S, 1 14°21.0'E; 817-780 m; 16.11.1991.

- WA: w. of Cape Freycinet; 34°12.8'S, 1 14°07.7'E; 1,225-1,240 m; 1991.

-WA:s. ofCapeLeeuwin, 35°04.9'S, 114°59.7'E; 870-920 m; 18.11.1991.

FRY KAPALA stations

K71-1 1-09 -NSW: 30 miles ne. of Jervis Bay; 34°50'S, 151°09'E; 549 m; 7.VII.1971.

K77-16-16-NSW: e. of Broken Bay; 33°3rS, 152°04'E; 548-603 m; 28.IX.1977.

K78-09-05 -QLD: e. of Gold Coast; 28°02'S, 153°59'E; 548 m; 2.VI.1978.

K78-17-10-QLD: e. of Danger Point; 28°0rS, 154°00'E; 548 m; 17.VIII.1978.

K78-23-08 -QLD: ne. of Danger Point; 28°03'S, 154°04'E; 731 m; 6.XI.1978.
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K79-15-01 -NSW: e. of Sydney; 33°48'S, 151°49'E; 440 m; 2.VII.1979.

K79-20-15 -NSW: e. of Broken Bay; 33°39'S, 152°06'E; 1,006 m; 6.XII.1979.

K83-09-01 -NSW: off Sydney; 33°48'S, 15I°27'E; 942-960 m; 22.VIII.1983.

K83-09-02 -NSW: off Broken Bay; 33°32'S, 152°09'E; 933-969 m; 23.VIII.1983.

K83-09-04-NSW:se. ofKiama;34°55'S, 15I°13'E; 951-978 m; 24.VIII. 1983.

K83- 1 3-0 1 - NSW: off Broken Bay; 33°40'S, 1 52°04'E; 988-1 ,020 m; 1 7.X. 1 983.

K83- 15-02 -NSW: off Cape Hawke; 32°02'S, 153°09'E; 980 m; 2.XI.1983.

K83-17-01 -NSW: off Sydney; 33°42'S, 151°54'E, 765 m; 12.X.1983.

K84-06-06- NSW: off Broken Bay; 33°28'S, 152°13'E; 1,107 m; 1984.

K84-08-04- NSW: off Broken Bay; 33°3rS, 152°08'E; 915 m; 1984.

K84-14-01 -NSW: JervisBayoffWattamolla;34°19'S, 151°24'E; 505 m; 1984.

K84- 15-03 -NSW: off Broken Bay; 33°32'S, 152°03'E; 512-530 m; 1 1. IX. 1984.

K84- 16-04 -NSW: e. of Broken Bay; 33°32'S, 152°05'E; 759 m; 25. IX. 1984.

K84-16-13 -NSW: off Sydney; 33°45'S, 152°00'E; 927-955 m; 1984.

K84- 16-14- NSW: off Broken Bay; 33°43'S, 1 52°03'E; 1 ,043-1 ,070 m; 27.IX. 1 984.

K84-16-15 -NSW: off Broken Bay; 33°43'S, 152°03'E; 957-993 m; 27.IX.1984.

K84-18-06-NSW:ne. of Sydney; 33°48'S, 151°56'E; 914-924 m; 11.X.1984.

K84-19-04 -NSW: e. of Broken Bay; 33°36'S, I52°07'E; 1,024-1,245 m; 16.X.1984.

K87-02-01 ^NSW: e. of Wallis Lake; 32°24'S, 153°00'E; 900-960 m; 19.11.1987.

K87- 16-02 -NSW: off Sugarloaf Point; 32°25'S, 153°0rE; 880-950 m; 27.VIII.1987.

K87-24-01 -NSW: off Sydney; 33°54'S, 151°48'E; 785-975 m; 7.XII.1987.

K87-24-03 -NSW: e. of Newcastle; 32°55'S, 152°44'E; 960 m; 8.XII.1987.

K87-24-04-NSW: e. of Hawks Nest; 32°4rS, 152°53'E; 885-950 m; 8.XII.1987.

K87-24-05 -NSW: e. of Harrington; 31 °56'S, 153°08'E; 485-925 m; 9.XII.1987.

K89-06-05 -NSW: e. of Budgewoi; 33°13'S, 152°22'E; 722-768 m; 12.IV. 1989.

K89-09-09-NSW:offTerrigal;33°28'S, 152°09'E; 741-768 m; 18.V.1989.

K89- 13-02 -NSW: off Sydney; 33°45'S, 152°03'E; 1,120-1,170 m; 30.VI.1989.

K89-17-04-NSW:e. ofCrowdyBay;31°47'S, 153°18'E; 1,024-1,052 m; 16.VIII.1989.

K89-1 7-06 -NSW: e. of Crowdy Head; 31°53'S, 153°16'E; 878-933 m; 16.V1II.1989.

FRY SOELA stations

SOl/82/12-TAS:38°06'S, 149°55'E; 250-276 m; 18.1.1982.

S05/84/70-TAS: 42°41.7'S, 148°24.9'E; 444-448 m; 24.X.1984.

S06/85/36 - QLD: Marian Plateau, e. of Townsville; 17°59'S, 150°32'E; 879-886 m; 25.XI.I985.

S06/85/47-OLD: Queensland Trough, e. of Hinchinbrook I.; 17°55'S, 147°00'E; 402 m; 29.XI.1985.

S06/85/86- Townsville Trough; 18°58.1'S. 150°29.6'E; 420 m; 1985.

S03/86/37-TAS: w. coast; 42°25.8'S, 144°47.7'E; 792-830 m; 16.V.1986.

S03/87/13 -TAS: e. of St. Helens; 41 °21.2'S, 148°48.9'E; 1,060-1,260 m; 9.V.1987.

S02/88/87 - VIC: Bass Strait, s. of Gabo I.; 38°06'S, 149°55'E; 250-276 m; 18.1.1982.

SO3/88/09-VIC:s. ofWarmambool;39°12.29'S, 142°29.99'E; 1,175 m; 1988.

SO5/88/70- WA: NW Shelf, s. of Barrow I.; 20°40.8'S, 1 14°43.4'E; 420 m; 1988.

SO5/88/190-WA:NW Shelf; 18°08.8'S, 1 17°54.5'E; 582 m; 12.X.1988.
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This paper describes two new species of the genus Gargamella from South Africa. Gar-

gamella gravastella is characterized by a dark grey notum with white-ringed darlv spots,

and a dense covering of caryophyllidia. Distinct reproductive features include a smooth

accessory gland, and a series of large penial hooks, each having a wide base and short cusp.

Gargamella bovina is characterized by a white notum covered with dark brown spots, and

short caryophyllidia. Its outermost lateral tooth is notably smaller than the other outer

lateral teeth. Distinct reproductive features include a large lobate accessory gland which

bears a muscular attachment to the female gland, and a series of large penial hooks, each

with a wide base and long cusp. Additional information on the caryophyllidia, reproduc-

tive, and radular characteristics is also provided.

In order to determine the systematic position of G, gravastella and G. bovina, a phylogenetic

analysis has been carried out, including representatives of the genera Baptodoris, Platydoris

and Gargamella. The phylogeny obtained supports the placement of these two new species

in the genus Gargamella. In addition, Gargamella, Platydoris and Baptodoris appear to be

distinct, monophyletic genera.

The genus Gargamella Bergh, 1894 presently contains only one valid species: Gargamella

immaculata Bergh, 1894 from South America. Miller (1996) synonymized Gargamella no-

vozealandica Eliot, 1907, from New Zealand, with Jorunna pantherina (Angas, 1864), and Schrodl

(1997) regarded Gargamella latior Odhner, 1926, another nominal species described from South

America, as a junior synonym of G. immaculata, based on observations of the internal anatomy and

geographical range.

Gosliner (1983) reported two additional, undescribed species oi Gargamella from South Africa,

both distinguishable from the other described species. The present paper describes these two new

species based on specimens deposited in the Department of Marine Biology of the South African

Museum, Cape Town (SAM). Comparative material of other species discussed in this paper was

obtained from the Department of Invertebrate Zoology of the California Academy of Sciences

(CASIZ), the Department of Invertebrate Zoology of the Swedish Museum of Natural History

(SMNHI) and the Museo Nacional de Ciencias Naturales of Madrid, Spain (MNCN).
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SPECIES DESCRIPTIONS

Gargamella gravastella sp. nov.

Figs. 1A,2,3

Gargamella sp. 1 Gosliner, 1987:70, fig. 94.

Type Material.— Holotype: Dale Brook, False Bay, Cape Province, South Africa (34°07'26"S,

18°27'33"E), 18 September, 1982, 11 mm preserved length, collected by T. M. Gosliner (SAM A35382).

Paratypes: Dale Brook, False Bay, Cape Province, South Africa (34°07'26"S, 18°27'33"E), 18 September,

1982, one specimen 4 mm preserved length (SAM A54295); date unknown, one specimen 17 mm preserved

length, dissected, collected by T. M. Gosliner (SAM A35384); 10 September 1982, one specimen 24 mm
preserved length, dissected, collected by T. M. Gosliner (SAM A35383); 18 September, 1982, one specimen 10

mm preserved length, dissected, collected by T. M. Gosliner (SAM A35381 ).

Etymology.— Gargamella gravastella is named for its external coloration and body texture.

The word gravastella is Latin for "grey headed fellow" and makes reference to the rough grey notum

of this caryophyllidia-bearing dorid nudibranch.

Distribution.— Specimens of this species have been found only at Dale Brook, False Bay,

Cape Peninsula, Cape Province, South Africa.

External Morphology.— The living animal (Fig. lA) has a dark gray notum marked with

several dark gray spots, each surrounded by a white circle. The perfoliate rhinophores are pale

yellowish white in color. They consist of 8 transverse lamellae. The gill is also pale yellowish white,

the same color as the rhinophores, and is composed of 8 unipinnate branchial leaves. The anal papilla

lies within, and closes the circlet of the branchial leaves.

The body shape is oval with a slightly undulate mantle. The body is covered with many short

caryophyllidia tubercles measuring about 70 |im. Each caryophyllidium consists of a rounded central

ciliated tubercle that occupies completely the space inside the surrounding ring of spicules. Several

(5-9) tall spicules project around the tubercle margin (Fig. 2D). The foot is bilabiate and notched.

(Fig. 3B) The foot is wide in relation to the mantle margin. The oral tentacles are well formed, and

appear conical in shape.

Buccal Armature.— The jaws are smooth, with no rodlets. The radular formulae of two

specimens examined are 31 x 39.0.39 (SAM A35383) and 36 x 42.0.42 (SAM A35384). The inner

lateral teeth (Fig. 2A) are smooth, and gradually increase in size toward the mid-lateral teeth (Fig.

2B), which also lack denticles. The outer lateral teeth (Fig. 2C) are smooth as well, and gradually

decrease in size. The outermost lateral teeth are not extremely small relative to the other outer lateral

teeth.

Reproductive System.— The ampulla is tubular and simple. It narrows before branching into

the short oviduct, which enters the female gland, and the large prostate (Fig. 2A). The prostate is

nearly as wide as the female gland mass in the specimens examined. At the proximal end of the

prostate, there is a junction at which the long, convoluted deferent duct narrows and becomes the

tubular ejaculatory duct. The penial bulb widens at its proximal end, and is armed with four rows of

hooks. The hooks have a wide base approximately 0.1 mm wide, and a relatively short cusp

approximately 25 \xm long (Fig. 2C). The deferent duct and vaginal duct meet, forming an atrium

where there is a small spherical accessory gland, which lacks any armature. The proximal end of the

vaginal duct is very wide, wider than the deferent duct. The vagina narrows at the distal end before

entering the oval shaped bursa copulatrix. Another duct leads from the bursa copulatrix to the oval

shaped, stalked seminal receptacle. This duct, which is located directly adjacent to the junction of the

vaginal duct and bursa copulatrix, is the same width as the narrowest part of the vaginal duct and is
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Figure 1 . Living animals. A.Gargamella gravastella sp. nov, specimen from Dale Brook on the western shore of False Bay,

South Africa, photograph by T. M. Gosliner. B. Gargamella bovina, sp. nov, specimen from Buffels Bay, on the False Bay

coast of Cape Point, South Africa, photograph by T. M. Gosliner.
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Figure 2. Gargamella gravaslella sp. nov. (SAM A35383), scanning electron micrographs. A. Inner lateral teeth, scale =

43 [im. B. Mid lateral teeth, scale = 60 urn. C. Outer lateral teeth, scale = 43 urn. D. Caryophyllidia tubercles, scale = 100 \vm.

long and convoluted. It joins the uterine duct. The uterine duct is short and enters the female gland

mass at the base of the stalk of the small seminal receptacle.

Remarks.— Gargamella gravastella is the only South African caryophyllidia-bearing dorid

with a dark gray background color. Other distinctive features of this species are the dark gray spots,

circled in white, that cover the notum. In fact, the coloration of G. gravastella distinguishes it from
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Figures. Gargamella gravastella sp. nov. (SAM A35381). A. Reproductive system, a = ampulla, be - bursa copulatrix.

d = deferent duct, f = female gland, g - accessory gland, p = prostate, rs = receptaculum seminis, scale bar = 0.5 mm.
B. Ventral view of the anterior border of foot, scale bar = 1 mm. C. Penial hooks, scale bar = 0.1 mm.

G. immaculata, with colors ranging from solid white, to yellow or orange with darker rhinophores

(SchrodI 1997). On the contrary, the pale yellow rhinophores of G. gravastella are much lighter than

the rest of the body, with the exception of the matching pale branchial leaves.

As with G. immaculata (see SchrodI 1997), G. gravastella is densely covered with caryophyllidia

tubercles, has penial hooks, a well-developed, large prostate, and an accessory gland. There are

notable differences in the buccal armature of this species as compared to G. immaculata. Both the

inner and mid lateral teeth of G. gravastella are wider and shorter than those of G. immaculata.

Moreover, G. gravastella has fewer rows of teeth, 31—36 in two specimen, than does G. immaculata,

which SchrodI (1997) reports as having from 60 to 91 rows.

The reproductive system of G. gravastella is also distinct. The overall shape of the bursa

copulatrix is oval, rather than spherical, and the junction of the vaginal duct with the bursa copulatrix

is directly adjacent to the duct connecting the bursa copulatrix with the receptaculum seminis, whereas

the two ducts on the bursa copulatrix of G. immaculata are much farther apart (Marcus 1959; SchrodI

1997). The receptaculum seminis is notably smaller, and the accessory gland is smooth in contrast to

the larger receptaculum seminis and lobate accessory gland of G. immaculata. Also, G. gravastella

lacks the large vestibular hooks described in G. immaculata (SchrodI, 1997).

Gargamella bovina sp. nov.

Figs IB, 4, 5

Gargamella sp. 2 Gosliner, 1987:71, fig. 95.

Type Material.— Holotype: offDanger Point, Cape Province, South Africa (34°32'34"S, 19°15'48"E),

44 m depth, 16 April 1984, 20 mm preserved length, collected by W. R. Liltved (SAM A36013). Paratypes:

off Danger Point, Cape Province, South Africa (34°32'34"S, 19°15'48"E), 44 m depth, 16 April 1984, one
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specimen 20 mm preserved length, dissected, collected by W. R. Liltved (SAM A54296). Off Danger Point,

Cape Province, South Africa (34°32'34"S, 19°15'48"E), 34 m depth, 11 April 1984, two specimens 1 6 mm
preserved length, dissected, collected by W. R. Liltved (SAM A36010). Buffels Bay, False Bay. Cape Province,

South Africa (34°19'03"S, 18°27'42"E). July 1982, one specimen 14 mm preserved length, dissected, collected

by T. M. Gosliner (SAM A35385).

Etymology.— Gargamella bovina is named for its external body coloration and pattern. The

word bovina is Latin for "cowlike" and makes reference to the pattern of dark brown spots on the

white notum that give this species an appearance similar to a Holstein dairy cow.

Distribution.— Specimens of this species have been found off the coast of Cape Province,

South Africa, off Danger Point and Buffels Bay as well.

External Morphology.— The body is oval, with a slightly undulate mantle. It is white in

color, with several dark brown irregular spots (Fig. IB). The rhinophores and branchial leaves are

also white. The perfoliate rhinophores consist of 14 transverse lamellae. The bipinnate gill consists

of 7 branchial leaves. The anal papilla closes the circlet of branchial leaves. The notum of this animal

is covered with many low caryophyllidia, measuring about 70 |im. Each caryophyllidium bears a very

small ciliated tubercle, and is surrounded by 5-7 short projecting spicules (Fig. 4D). The foot is broad

with respect to the mantle margin. The anterior border of the foot is bilabiate and notched (Fig. 5B).

The oral tentacles are well formed, and digitiform in shape.

Buccal Armature.— The jaws are smooth, with no rodlets. The radular formulae of two

specimens examined are 21 x 38.0.38 (SAM A36010) and 35 x 40.0.40 (SAM A35385). The inner

lateral teeth are smooth (Fig. 4A), and gradually increase in size toward the mid-lateral teeth, which

also lack denticles (Fig. 4B). The outer lateral teeth gradually decrease in size, the outermost lateral

tooth being much smaller than the other outer lateral teeth (Fig. 4C).

Reproductive System.— The ampulla of this species is tubular, simple, and small (Fig. 5A).

It branches and connects to a large, massive prostate and a short oviduct which connects to the female

gland mass. The distal end ofthe prostate connects to an elongate, convoluted deferent duct. The distal

end of the deferent duct is armed with four rows of penial hooks. The penial hooks have a broad base,

0. 1 mm wide, and a long, straight hook, 37.5 iim long (Fig. 5C). The vaginal duct is long, and narrower

than the deferent duct. The proximal end of the vagina opens into the round bursa copulatrix. The

duct connecting the bursa copulatrix and the sessile, spherical receptaculum seminis is long and

narrow. This duct connects to the bursa copulatrix at a point far from, and nearly opposite the junction

of the vaginal duct and bursa copulatrix (see Fig. 5A). The uterine duct is short and enters the female

gland mass. A large, lobed accessory gland is present at the widened opening of the deferent duct and

the vagina. The external surface of the gland bears a thin muscular connection to the female gland

mass. This accessory gland does not contain any armature.

Remarks.— Gargamella bovina is externally distinguishable from G. gravastella by its white

background color, and dark brown spots. Its notal surface, though covered with caryophyllidia, has

lower tubercles, very different from those of G. gravastella. Also, its coloration distinguishes it from

G. immaculata which is solid white, yellow or orange (Schrodl 1997).

The buccal armature of G. bovina is different from G. immaculata in that there are fewer rows

of teeth, 21-35 in two specimens of G. bovina compared with 60-91 rows in G. immaculata (Schrodl

1997). The smooth teeth of G. bovina and G. immaculata are similar in shape, but the teeth of G.

bovina are considerably shorter than those of G. immaculata. The radula of G. bovina also differs

from that of G. gravastella in the shape of the lateral teeth that are more elongate in the former.

The reproductive system of G. bovina closely resembles G. immaculata, more so than G.

gravastella. Like G. immaculata, (see Marcus 1959; Schrodl 1997) the two ducts coming from the

bursa copulatrix are situated far apart from each other. Also, the accessory gland is lobate in both G.

immaculata and G. bovina. However, G. bovina bears a unique muscular attachment from the
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Figure 4. Gargamella hovina sp. nov., scanning electron microcraphs. A. Inner lateral teeth (SAM A360 10), scale = 60 (.im.

B. Mid lateral teeth (SAM A36010), scale = 60 ^m. C. Outer lateral teeth (SAM A36010), scale = 43 |ini. D. Caryophyllidia

tubercles, (SAM A36013) scale = 60 |im.
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Figure 5. Gargamella bovina sp. nov. (SAM A36010). A. Reproductive system, a - ampulla, be - bursa cpulatrix, d =

deferent duct, f- female gland, g = accessory gland, p = prostate, rs = receptaculum seminis, scale bar - 1 mm. B. Ventral

viewofanteriorborderof foot, (SAM A36013) scale bar = 1 mm. C. Penial hooks, scale bar = 0. 1 mm.

accessory gland to the female gland mass. The receptaculum seminis is sessile, where that of G.

immaculata is stalked. Gargamella bovina also possesses penial hooks, a feature common to this

genus, but lacks the large vaginal hooks found in G. immaculata. The penial hooks of G. bovina have

the same wide base as G. gravastella, but the cusp is notably longer.

Discussion

The genus Gargamella was introduced by Bergh ( 1 894) based on Gargamella immaculata Bergh,

1 894, the type species by monotypy. He included the following features in the diagnosis of this genus:

body somewhat depressed, dorsum silky, oral tentacles digitiform, branchial leaves tripinnate,

anterior border of the foot notched and grooved, jaws and rachidian radular teeth absent, lateral teeth

hook-shaped, prostate large, penis armed with hard spherical hooks, and vestibular gland present.

Ernest Marcus (1959) amplified the description of G. immaculata with anatomical information

based on newly collected material. The most outstanding new feature described by Ernest Marcus is

the presence of large copulatory spines in the atrium of G. immaculata and Gargamella latior Odhner,

1926, another nominal species described from South America. Schrodl (1997) redescribed G.

immaculata and synonymized G. latior with it.

We have examined two specimens of G. immaculata collected from Seno Otway, near Punta

Prat, Chile (SMNHI 1 2520) for comparison. We have found large hooks in the penis, but the vestibular

hooks described by Ernest Marcus (1959) and Schrodl (1997) are actually situated in the opening of

the vagina (Fig. 6A). The vestibular gland of this species opens in the atrium, and therefore we called

it an accessory gland, to be distinguished from the vestibular glands of other dorids that open in a

different position. The vaginal hooks are very large, with the base reaching up to 500 |im, and are

arranged in a single row. The radula has hook-shaped, elongate teeth lacking denticles. The outermost

lateral teeth are large, almost the same size as the innermost. Externally this species is characterized
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Figure 6. Scanning electron micrographs. A. Open atrium of Gargamella immaculata (SMNHI 12520) showing the penial

and vaginal hooks, at = atrium, pe = penis, v = vagina, scale bar = 750 nm. B. Open atrium ofBaptodoris cinnahahna {MUCN
15.05/32381 ) showing the penial and atrial hooks, at = atrium, pe = penis, scale bar = 150 fim.

by a convex shape of the body, a wide foot and the presence of large caryophyllidia tubercles, about

200 |im long.

Other genera probably related to Gargamella are Baptodoris Bergh, 1 884 and Plah'doris Bergh,

1877. In fact, Bouchet (1977) considered that Gargamella and Baptodoris were synonyms of

Platydoris. The genus Baptodoris, type species Baptodoris cinnabarina 1 884, is characterized by the

presence of a large hooks in the atrium besides a penial papilla armed with an additional set of hooks

(Fig. 6B), much smaller in size. It also has an accessory gland connected to the atrium. The lateral

radular teeth oi Baptodoris have one or more denticles, and the outermost laterals have many tiny

denticles. Externally, Baptodoris is characterized by the presence of low caryophyllidia tubercles, a

flattened body and a narrow foot. This pattern is consistent in the only two species of the genus that

have been anatomically studied, B. cinnabarina and B. mimetica Gosliner, 1991 . We have examined

one specimen of B. cinnabarina collected from the Mediterranean coast of Spain (MNCN
15.05/32381), and information on B. mimetica was obtained from Gosliner (1991). Other species

assigned to this genus are not sufficiently described to verify the presence of these characteristics.

The genus Platydoris, type species Platydoris argo Linnaeus, 1758, includes large species with

a ventrolaterally flattened body and a narrow foot. An anatomical study ofP. argo based on specimens

collected from Northern Spain (CASIZ 1 1 52 1 7), revealed the presence of several rows of large hooks

in the vagina and smaller hooks in the penis, about 50 |im long, much smaller that those of G.

immaculata. A large accessory gland opens in the atrium. In addition, the prostate of Platydoris is

very small, the caryophyllidia tubercles are very low, and the outer lateral radular teeth are very small.

Other species ofPlatydoris, such as Platydorisformosa (Alder and Hancock 1 866), may lack vaginal

hooks (see Kay and Young 1969), but this point needs confirmation.

Gargamella gravastella and G. bovina appear to be more closely related to G. immaculata than

to P. argo or B. cinnabarina. The species from South Africa differ from G. immaculata in lacking
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vaginal hooks. However, the morphology of the penial hooks is very similar in these three species.

In all three the penial hooks have a broad base, 0. 1 mm wide, and a long, straight cusp. G. immaculata,

G. gravastella, and G. bovina all have a large prostate and an accessory gland that opens in the atrium.

They also share similar radular morphology, with large, smooth marginal teeth, and mid-lateral teeth

with elongated cusps also lacking denticles. The caryophyllidia tubercles are also well-formed in these

three species.

Phylogenetic Analysis

In order to determine the phylogenetic relationships of Platydoris, Gargamella and Baptodoris,

and therefore the systematic position of the two new species from South Africa, we have carried out

a phylogenetic analysis. For this analysis, we have included the two new species from South Africa

described in this paper, as well as Gargamella immaculata, Baptodoris cinnabarina, Baptodoris

mimetica, Platydoris argo, Platydoris angustipes (Morch, 1863), Platydoris stomascuta Bouchet,

1977 and Platydoris maculata Bouchet, 1977. Information regarding G. immaculata, B. cinnabarina

and P. argo was obtained from our own anatomical studies. Data on P. angustipes was extracted from

Ernest Marcus (1957), data on P. stomascuta and P. maculata from Bouchet (1977) and data on B.

mimetica from Gosliner (1991).

To polarize the morphological variability we have selected Diaulula sandiegensis (Cooper, 1 862)

as the outgroup. Information on this species has been obtained from our own dissections of one

specimen collected from California (CASIZ 068277).

The following characters (Table 1 ) were considered in undertaking the phylogenetic analysis:

1. Body shape. Species of Baptodoris and Gargamella, including the two new species from

South Africa have a convex body. On the contrary, species of Platydoris have a flattened body. A
convex body is also present in D. sandiegensis and it is regarded as the plesiomorphic condition.

2. Foot width. Species of Platydoris and Baptodoris have a narrow foot, whereas Diaulula and

Gargamella, including G. bovina and G. gravastella, have a wide foot. A narrow foot appears to be

apomorphic.

3. Branchial sheath. In Platydoris argo and P. maculata the branchial sheath is lobate, whereas

in the other species of Platydoris, Gargamella, Baptodoris and Diaulula it is rounded. A lobate

branchial sheath is considered apomorphic.

4. Caryophyllidia. In species of Platydoris and Baptodoris, the caryophyllidia are very low and

difficult to recognize with an optical microscope. In Gargamella, including the species from South

Africa and Diaulula, the caryophyllidia are large and conspicuous. Small caryophyllidia are consid-

ered apomorphic.

5. Lateral radular cusp. The cusps of the radular teeth of G. immaculata, G. bovina and G.

gravastella are very elongate, longer than the base of the teeth. In Platydoris, Baptodoris, and

Diaulula the cusps are always shorter than the base ofthe teeth. An elongate radular cusp is considered

apomorphic.

6. Lateral radular teeth denticles. In species of Baptodoris the lateral radular teeth have one

or more denticles that are absent in Diaulula, Platydoris and Gargamella. The presence of denticles

on the lateral radular teeth is considered apomorphic.

7. Outermost radular cusp. The outermost lateral teeth of Platydoris and Baptodoris are short

plates (there is no information on P. stomascuta and P. maculata), whereas in Gargamella and

Diaulula they are typical hamate teeth similar in shape to the other radular teeth. The presence of

hamate outermost lateral teeth is regarded as plesiomorphic.

8. Outermost lateral teeth denticles. In Baptodoris, the outermost lateral teeth have a number

of tiny denticles that are not present in Platydoris, Gargamella and Diaulula. The presence of these

denticles is considered the apomorphic condition.
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Table 1 . Character states for the taxa involved in the phylogenetic analysis. Data code: = plesiomorphic

condition; 1,2 = apomorphic condition; ? = missing data.
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gamella indicates that they are more closely related to species of Platydoris and Baptodohs than to

any other caryophyllidia-bearing dorids. Species of Platydoris are found throughout tropical and

subtropical waters, with no cold water southern ocean representatives. The genus Baptodoris is also

absent in the southern ocean cold waters. Only one representative was decribed from the South Pacific,

Baptodoris fongosa Risbec, 1928 from the warm waters of New Caledonia. However, this species

was poorly described and its generic placement is uncertain.

These facts suggest that the southern distribution of Gargamella today is not a result of ancient

Gondwanan distributions, but is more likely a result ofmore recent vicariant and distributional events.

This is also a more likely scenario, owing to the fact that members of these genera are among the

more highly derived cryptobranch dorids.
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Dibranchus Peters, with 13 species, and Solocisquama, n. gen., with 3 species are reviewed. * "

Three new species of Dibranchus are described, one each from the Atlantic, Indian, and

east Pacific oceans. Dibranchus scaber Garman 1899 is a junior synonym of D. hystrLx

Garman \H99. Dibranchus aibertiJSuhez 1967 isa junior synonym ofD. spinosus (Garman)

1899. Solocisquama includes 2 species formerly referred to Dibranchus and 1 species

described as new. A key to eastern Pacific species of Dibranchus and a key to species of

Solocisquama are presented.

Although Dibranchus atlanticus is known from hundreds of specimens, 5 species oi Dibranchus

and the 3 species o^ Solocisquama are rare, known from one or a few specimens. All species are

uncommon. The material o^ Dibranchus from the eastern Pacific represents 9 species, many more

than from any other biogeographic region.

Like most ogcocephalids, members of the genus Dibranchus are bottom fishes with large,

strongly depressed heads reminiscent of skates. Present in the Atlantic, Pacific, and Indian oceans,

Dibranchus occurs at tropical and subtropical latitudes in depths from 200 to over 2200 meters. The

little available data suggest that the majority of species have characteristic bathymetric ranges; for

example, the two Atlantic species appear to be bathymetrically well separated, with D. atlanticus

distributed above 800-1000 m and D. tremendus below.

1 have examined 407 specimens from the eastern Pacific representing 9 species, of which 1 is

new and 2 recently described (Bradbury et al. 1999), and 465 specimens from the Atlantic Ocean

representing 2 species. Most Atlantic specimens may be assigned to the type species of the genus,

Dibranchus atlanticus Peters, but 34 specimens represent a new Atlantic species from deeper water.

I have seen only a handful of specimens from the western Pacific and Indian Oceans, but of these, a

unique specimen from the Mozambique Channel is undescribed. One specimen of Dibranchus

japonicus Amaoka and Toyoshima 1981, described from the Japanese archipelago, is herein reported

from off Cape Town, South Africa, a significant range extension.

One result of this review has been the determination that several forms originally designated

Dibranchus do not agree with the generic diagnosis proposed by Bradbury (1967) and discussed

below. The two Hawaiian forms, Dibranchus erythrinus and D. stellulatus described by Gilbert

(1905), are here referred to a new genus, Solocisquama, on the grounds of differences in the illicial

skeleton, the peculiar squamation, and the shape of the upper jaw. A unique specimen from Sala y
Gomez Ridge is found to be undescribed and is assigned to the new genus. The genus Dibranchus
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was proposed by Peters (1876) to include ogcocephalids with only 2 gills on each side; that is, only

the second and third arches bear gill filaments, a unique character for lophiiform fishes. At the time,

only 2 other ogcocephalid genera were known to Peters, Halieutaea Valenciennes 1837 from the

Orient and Ogcocephalus Fischer 1813 (known to Peters as Malthe Cuvier 1816) from the New World;

both have gill filaments on the second and third arches plus the anterior side ofthe fourth arch, referred

to as gills 2'/2. [A third genus with gills IVi, Halieutichthys Poey (in Gill 1863), had been described

about a dozen years before Peters proposed Dibranchus, but was evidently unknown to him.]

Fifteen years later Alcock (in Wood-Mason and Alcock 1891) proposed Malthopsis, another

genus with only 2 gills on each side. Malthopsis was said to resemble Ogcocephalus in having a

hornlike rostrum and the head depressed and formed as a "triangular wedge," but these statements

about characters were too general or imprecise to separate Malthopsis from Dibranchus as new species

were discovered, with the result that Malthopsis had assigned to it species which later were reassigned

to Dibranchus on the basis of additional characters including the illicial skeleton and features of

squamation (Bradbury 1967). Eventually there were 1 1 nominal genera of ogcocephalids described,

7 of these characterized by having gills only on the second and third arches. One of these was

Halieutopsis Garman 1899, which also came to be confused with Dibranchus (summarized in

Bradbury 1967).

Attempting to redefine the limits of ogcocephalid genera, Bradbury (1967) showed that Di-

branchus differed from Malthopsis in having simple tubercles, not bucklers as seen in Malthopsis,

and in having the frontal bones of the cranium forming a groove for the illicium instead of the tubular

canal seen in Malthopsis. Halieutopsis was shown to share with Dibranchus the character oftubercles,

but Halieutopsis has a flat cranial roof, no groove or canal. Halieutopsis was further shown to have

extra lateral line scales on the ventral surface of the body at or anterior to the anus, lacking in

Dibranchus, while Halieutopsis lacked the well-developed pads of teeth on the ceratobranchial V
bones seen in Dibranchus. Finally, the morphology ofthe illicial bone was found to be autapomorphic

for each genus, and the implication was that the illicial bone morphology, as far as it was studied,

established monophyly for each genus (Coeloplvys excepted because no material of that genus had

been available for study).

Although not all species were available for study ofthe illicial morphology at that time, the illicial

bone in Dibranchus was shown to differ strongly from that in Halieutopsis in having two large

foramina located ventrally, one in each of the two lateral processes which form the articulation of the

illicial bone with the pterygiophore (Bradbury 1967, fig. 1). Further, Dibranchus lacks the median

dorsal process prominent in both Halieutopsis and Malthopsis. Employing these characters, the

following species originally described as belonging to Dibranchus were reassigned to Halieutopsis:

D. micropus Alcock 1891, D. stelliferus Smith and Radcliffe and D. simulus Smith and Radcliffe

(both in Radcliffe 1 9 1 2) (see also Bradbury 1 988). Similarly, the following species originally assigned

to Malthopsis by Garman 1899 were reassigned to Dibranchus: D. sparsa, D. erinacea, D. spinosa,

and D. spinulosa {spinulosa was treated as a junior synonym of spinosa). Finally, two monotypic

genera described by Garman 1 899 were treated as junior synonyms ofDibranchus: Dibranchichthys,

with one species, D. nudivomer, and Dibranchopsis with one species, D. spongiosa (Bradbury 1967).

Characters of the illicial bone are further assessed herein because of availability of new material.

I have not been able to study all nominal species ofDibranchus. I herein place D. alberti Nufiez

1967 in the synonymy of D. spinosus (Garman) 1899 on the basis of photographs published with the

original description. Listed below are 3 nominal species that may more correctly be assigned to

Halieutopsis and a fourth one that I cannot assign without examining the holotype.

(1)1 have had an opportunity to examine specimens at the Zoological Society of India including

ZSI 13028, the published number for the type specimen of Dibranchus nasutus Alcock (also listed

in Menon and Yazdani 1968). I found the remains of two specimens in the jar. The specimens were

largely disintegrated, but there was a fragment of cranium containing the esca of one, and frontal
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bones and esca of the second, enough to establish that it is incorrect to assign them to Dihranchus.

The remains of the frontal bones showed them to be flat, not forming a median groove in the roof of

the cranium as in Dihranchus, and the escas had the two ventral lobes each spherical and separated

from one another, not joined as in Dihranchus. Both characters are consistent with Halieutopsis, but

I could not ascertain the species; the escas were most like H. vermicularis.

(2) Dihranchus nudiventer Lloyd, 1909 was described from a single specimen "75 mm in length"

from the Bay of Bengal. This specimen had the rostrum projecting beyond the mouth and the esca in

the form of "a pair of fleshy balls with a pair of filaments above and between them." Neither of these

features agree with Dihranchus', they agree with Halieutopsis. The description of the esca suggests

H. vermicularis.

(3) Dihranchus infranudus de Beaufort, 1962 (in de Beaufort and Briggs 1962) is based upon a

single specimen, 80 mm, from the Flores Sea. Without having seen the holotype, I tentatively assigned

this name to the synonymy of Halieutopsis simuhis (Smith and Radcliffe, 1912) in a review of

Halieutopsis (Bradbury 1988).

The holotype of Dihranchus infranudus de Beaufort is in the Institute of Taxonomic Zoology,

ZMA 101.877 (Nijssenetal. 1982).

(4) Dihranchus ohscurus Brauer, 1908 was based on a single, 12-centimeter specimen from the

Gulf of Aden. Not having seen this specimen and lacking information on diagnostic characters. I am

unable to place it.

METHODS

Methods are those developed for a study of the related genus Ogcocephalus (Bradbury 1980)

and modified for a study of Halieutopsis (Bradbury 1988). Length of disk margin is the distance taken

on the right side from the front of the posterior swelling ofthe mandible just at the comer of the mouth

to the distal end of the subopercle excluding the subopercular spine. Skull length is the distance from

the upper lip to the slight pit that can be felt with the tip of the calipers between the cranium and the

anteriormost vertebra. Cranium width is the distance between the points of greatest concavity just

behind the orbits. Eye width is greatest width of orbit. Other measurements are standard measure-

ments: distance from jaw to anus, distance from jaw to anal fin, distance from snout to dorsal fin,

interorbital width, jaw length, and mouth width. Meristic characters studied include numbers of rays

in the pectoral and dorsal fins and numbers of neuromasts in certain lateral-line series. Neuromasts

are free neuromasts (lie on the surface of the skin) but are cupped in modified tubercles (seen in Fig.

4c; Fig. 5c, d).

In Dihranchus, the lateral line is interrupted at the transition from dorsal surface of disk to lateral

sides of tail, resulting in 2 separate series, a disk lateral line and a tail lateral line. Disk lateral line

elements were too difficult to count accurately so were not used. The tail lateral line commences just

posterior to anus and runs onto the base of caudal fin. (A free neuromast without lateral-line scale

often occurs about halfway out on the caudal fin, but is omitted from the count because it may be

difficult to see and its presence cannot be verified by the presence of the modified lateralis scale.) The

other lateral-line series used in this study are the preopercular series, the subopercular series, and the

dorsolateral branch of the subopercular series.

In lophiiform fishes, the first vertebra is fused to the skull; it is not included in the vertebral count

in this study. Counts begin with the first free vertebra and include the hypural fan. All vertebral counts

were made from radiographs.

In Dihranchus the surface sculpturing oftubercles and pattern ofsquamation are useful characters

for discriminating species, but to a large extent the characters are difficult to convey descriptively. It

was finally determined to restrict detailed description to the ventral surface of the tail, the portion of

the integument that shows in the least bewildering way the kinds of variation seen (Figs. 9, 10). The
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ventral surface of the tail is relatively flat with a clear boundary row of tubercles on each lateral edge,

herein called principal rows.

Museum collections are indicated by standard symbolic codes (Leviton et al. 1985; Leviton and

Gibbs 1988).

Dibranchus Peters

Dihranchiis Peters, 1876:736 [type species Dibranchus atlanticus Peters, 1876. by monotypy; gender mascu-

line]; Bradbury, 1967:413 [diagnosis].

Diagnosis.— Gills 2; holobranchs present on 2nd and 3rd arches only. Scales in the form of

tubercles, not bucklers. Frontal bones of skull modified to form a median groove for the illicium.

Illicial bone with each lateral process pierced by a large foramen; no long dorsal median process.

Tooth patches on ceratobranchial V bones contiguous with one another, meeting all along midline.

Tail lateral line commences posterior to anus; no lateral-line organs beside, or anterior to, the anus as

in Halieutopsis.

Description.— Disk variable in size and shape depending upon preservation, from oval or

bell-shaped when subopercular bones (which form lateral margins of disk) and pectoral pedicels

collapsed against trunk, to strongly triangular when subopercles and pectoral pedicels flared away

from trunk. Most species with prominent posteriorly directed, medially-curved spines at posterior

ends of subopercles, these subopercular spines multifid, often with largest spinelets curving dorsally.

Body depressed but cranium elevated above general surface of disk so eyes are directed laterally

and anteriorly. Rostrum composed of an array of closely-spaced tubercles forming a short shelf over

esca; no median horn, although median tubercle may be larger or longer than those to the sides. Illicial

cavity small, not cavernous as in some Halieutopsis. Esca (Fig. la) broader than high, consisting of

a median dorsal lobe continuous with 2 ventral lobes which are continuous with one another across

the midline and flared out laterally, subtended by a ridgelike edging, sometimes membranous. On
posterior side of esca, ventral lobes strongly separated, spherical (can be seen in Fig. 6a). Olfactory

organs sexually dimorphic: in females, organs relatively small and containing a few small lamellae,

the nostrils small and round; in males, olfactory organ large, swollen by enlarged lamellae within,

posterior nostril a wide gaping slit (see analysis below). Dorsal rays 5 or 6, rarely 4 or 7; pectoral rays

usually 13-15, range 12-16 (Table 1 ). Anal rays always 4, caudal rays always 9. Preopercular lateral

line series 1^, subopercular series 4—7, dorsolateral branch of the subopercular series nearly

invariably 3. Lateral line interrupted just as it descends from the disk onto the tail. The lateral line

organs on the disk are difficult to see and count, so these were not studied. Tail lateral line commences

on the ventral side of tail just posterior to the anus, thence continuing along lateral sides of tail onto

base of caudal; tail lateral line 8-15 (Table 4).

Vertebral count 17-20, usually 18 in D. atlanticus, usually 19 in other species (Table 3).

Teeth in oral and gill cavities simple, small, recurved, posteriorly hinged Type 4 teeth as described

by Fink (1981, table 1 ) for Dibranchus hystrix (his Dibranchus scaber) with a single exception. That

is the new species D. velutinus described herein as having bristlelike teeth (the true nature of teeth in

D. velutinus has not been studied for lack of material). Teeth in bands on jaws, visible when mouth

closed. Scanning electron micrographs of premaxillary teeth of 4 specimens of D. atlanticus varying

in size from 39.5 to 131.5 mm SL (Fig. 2) show that numbers of rows of teeth and numbers of teeth

within each row increase with size of fish; a similar pattern was seen in D. spongiosus and in D.

spinosus (not pictured). Palatal teeth present only in 5 species. Each ceratobranchial V with a broad

patch of teeth, the two patches always completely contiguous along midline.

Figures 3a and b show the general structure of gill rakers for most species of Dibranchus

(exceptions are velutinus and spongiosus). Pictured is D. atlanticus with relatively stout pedicels and
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Figure 1 . Frontal views of escas. (a) Dibranclms spinosus. 133.0 mm SL (ZMUC. GALATHEA Sta. 739). The esca in most

species ofDibranclms looks like this as long as the gland has not become distorted in the preservation process. The two ventral

lobes are less differentiated than in most other genera (although well-differentiated spherical lobes are visible from the posterior

view as seen in Fig. 6a). There is often a fringe or membrane along ventral margin, (b) Solocisqiiama stellulata (Gilbert),

holotype USNM 51595, 47.8 mm SL. (c) Solocisquama erythrina (Gilbert), holotype USNM 51642, 133.5 mm SL.

broad tooth plates with numerous teeth in a subspherical cluster. In some eastern Pacific species,

pedicels are slender with fewer teeth. In D. vehitinus. teeth appear absent. In D. spongiosus (Figs. 3c,

d), the dome-shaped tooth plate appears to cover the pedicel and spreads out on the gill arch. The gill

rakers in the following species were studied only by gross examination— no SEM or clearing/stain-

ing: D. accinctus, D. cracens, D. discors, D. japonicus and D. velutinus.

Modified scales known as tubercles are, in Dibranclms, typically pyramid-shaped with 8-14

ridges radiating from a central spine and separating facetlike surfaces. Examples shown are atlanticus

(Figs. 4a, b) with pronounced ridges decorated by spinules, D. tremendus (Figs. 4c, d) with

barely-defined facets and thick terminal spines, and D. nudivomer (Fig. 5d). Lateralis scales are

crescent-shaped (Fig. 5c) with a central foramen for the protruding neuromast. An individual lateralis

scale usually lies between two good-sized tubercles, visible in the near background in both Figs. 4c

and 5d.

Illicial bone. In D. atlanticus, D. tremendus, D. hystrix, D. sparsus, D. spinosus, D. erinaceus,

D. nudivomer, D. cracens, and D. spongiosus, illicial bone with a large foramen on each side ventrally,

piercing on each side the lateral processes that articulate with pterygiophore (Fig. 6b). Lateral

processes separated by a broad high median space. Dorsal median process completely absent, but a

very short, blunt dorsal process on each side of central mass. Dibranclms discors shows this same

conformation but is compressed from side to side (Fig. 7a). (This feature was not studied in D.

accinctus, D. japonicus, and D. velutinus.)

Sexual Dimorphism in Olfactory Organs. Sexual dimorphism in olfactory organs has been

reported in lophiiform groups. Bertelsen (1951) reported that males in most ceratioid anglerfishes

have larger olfactory organs with more and larger lamellae than females. Bertelsen, Pietsch, and

Lavenberg (1981) later determined that metamorphosed males are macrosmotic in all ceratioids

except Ceratiidae and Neoceratiidae. Caruso (1975) reported for Lophiidae that Lophius has sexual

dimorphism in the olfactory organ, but slight and "easily overlooked," while in Lophiodes and
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Table 1 . Relationship of standard lengths and sex in Dihranchus atlanticus to numbers of olfactory lamellae.

Specimens with large tlag-shaped lamellae always had testes. Specimes with small nub-like lamellae or no

identifiable lamellae (signified by -) always had ovaries. Specimens from the Gulf of Guinea are from 2 lots:

ZMUC Atlantidae Sta. 1 20, 1 8 examples, and ZMUC Atlantidae Sta. 1 35, 20 examples; total, 38 examples. Of
these the gonad was indeterminable in 1 2 (not shown in Table). Specimens from the Atlantic coast ofNE South

America are from seven lots all from Oregon stations, as follows. (Numbers in parentheses are numbers of

examples.) CAS 42661 (3), Sta. 2005; CAS 42662 (10), Sta. 2007; CAS 42663 (3), Sta. 2008; CAS 42671 (4),

Sta. 2026; CAS 43673 (4), Sta. 2029; CAS 42674 ( 13), Sta. 2028; CAS 42690 (3), Sta. 2025; total, 40 examples.
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FlC}URE 2. Scanning electron micrographs showing that premaxiilary teeth in Dihnmchus atlaiuiciis increase in numbers of

rows and numbers of teeth within rows with increasing standard length. Standard lengths as follows: (a) 39.5 mm; (b) 72.5

mm; (c) 81.0 mm. all from CAS 76446; (d) 131.5 mm. CAS 76452. S^cale bars = 1 mm.

either end. The skin covering the olfactory capsule bulges to accommodate the enormous lamellae.

The olfactory lamellae were inspected and counted by simply looking into the posterior nares when

large, but, in small olfactory organs, the relatively small rounded posterior nares sometimes made it

difficult to count lamellae. The opening was enlarged by a cut in these cases, but even so, it could be

difficult to determine whether the material within was lamellar epithelium or mucous or other material

.

Simple methods such as forcefully irrigating, scraping, or drying the structure seldom clarified

whether or not lamellae were present. It was clear, however, that none of the specimens with ovaries

has large, overlapping, flag-shaped olfactory lamellae as seen in males. Rather, the females had small

lamellae or only nubbins of epithelium.
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Figure 4. Scanning electron micrographs showing (a) tubercles from a section of skin posterior to eye and (b) principal

tubercles of the tail in Dihranchus atkmticus, 131.5 mm SL, CAS 76452, and the same (c and d) for D. trememhi.s. 155 mm
SL, USNM 320332. Tubercles are decorated with spinules in D. atlaiuicus but not in D. trememhts; spines of tubercles are far

longer in D. tremendus than in D. atlanticus. Scale bars - 1 mm. in the near background in (c) is seen a specialized

crescent-shaped lateralis scale, placed as usual between two tubercles that mark the poles of the long axis of the scale. The

neuromast protrudes through a pore in the middle of the scale.

but much less pronounced than in congenors, so that it is difficult to be sure one has a male without

identifying testes.

Bioluminescence. No light organs have been observed in Dibranchus, but bioluminescence

nevertheless may play a role in the life ofDibranchus atlanticus. Crane (1968) reported that the skin

of the dorsal surface of freshly-caught specimens from 366 m off Brunswick, Georgia, showed

fluorescence, suggesting a luciferin might be present. Adrenalin hydrochloride injected into the heart

of one fish induced it to emit a low level glow over the entire dorsal surface, although neither the esca

nor ventral surface of the fish emitted light. Later, skin and escas from frozen fish were tested for

spontaneous light emission as well as stimulated by various reagents, resulting in the determination

that the esca and the skin from both the dorsal and ventral surface have bioluminescence capability.

The function of this feature is as yet obscure.
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Figure 5. Scanning electron micrographs, (a) second gill bar with gill rakers and (b) individual gill raker in Solocisquama

en'thrina, 135.5 mm SL, BPBM 29270; in this species and in S. stellulata. the pedicels are stouter and longer that in Dihranclms.

(c) crescent-shaped lateralis scale with neuromast at center and (d) tubercles in skin of disk posterior to eye in Dihraiuhus

midivomer, 98.5 mm SL, CAS 82261. A specialized lateralis scale in near background in (d) lies between its two associated

tubercles Scale bars for a, b, and d = 1 mm, for c - 0.5 mm.

Distribution.— Two species in the Atlantic, both occurring in the eastern as well as western

Atlantic and Gulf of Mexico. Nine species in the eastern Pacific, from the coasts of Mexico to Peru

and west to the Galapagos; of the nine, two are known only from the Galapagos archipelago, and one

is trans-Pacific. One other species is known from the western Pacific, but its range is shown herein

to extend to the western Indian Ocean. One species, described herein from a single specimen, is known
only from the western Indian Ocean.
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1 mm

Figure 6. (a) Postero-lateral view ofcleared and stained illicium ofDihranclms tremendus. 96.5 mm SL. UF 25923. Internal

structures (stippled) are the elongate pterygiophore, left, and illicial bone, right. The dorsal lobe of the esca appears to the right

instead of dorsad because the esca has been bent down relative to the pterygiophore; note at its distal tip a large opening tor

discharge ofgland's secretion. Scale bar = 1 mm. (b) Three views of distal end of pterygiophore and illicial bone in Dihranclms

(generalized; from Bradbury 1967) as follows: side view (upper left), dorsal view (lower left), and frontal view of illicial bone

(right). Note on the illicial bone the very short dorso-lateral process on each side and the large ventro-lateral lobe pierced by

a foramen on each side. Each ventro-lateral lobe extends laterally and po.steriorly to fonn the articulating processes of the illicial

bone.
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1 mm

Figure 7. Frontal views of illicial bones, (a) Dibrancfius discors. 87.2 mm SL (CAS 47195); (b) Solocisquama stellulata.

76.0 mm SL (BPBM 1 7941 ). Bone spicules occasionally occur within the foramen of the lateral process in Dihrauchiis as seen

on the left in this specimen. On the left it can also be seen that the lateral process is malformed.

Key to Adults of Eastern Pacific Species of Dibranchus

A key to only the eastern Pacific species oi Dibranchus is offered here because the species from

other regions are few and easily separable. The two Atlantic species, D. atlanticus and D. tremendus,

are easily separated by their squamation (Fig. 4). The two species found in the western Pacific, D.

hystrix and D.japonicus (Fig. 9b, f), can also be distinguished from one another by their squamation,

as can D. accinctus and D.japonicus in the Indian Ocean (Fig. 9c, f)-

1 a. Teeth present on palate 2

lb. No teeth on palate 6

2a. Teeth on palatines but none on vomer D. midivomer

2b. Teeth on both palatines and vomer 3

3a. Tubercles present in skin of eyeballs and on ventral surface of disk. Mouth width 14% or more of SL 4

3b. No tubercles in skin of eyeballs, or on ventral surface of disk (except a few around pelvic bases). Mouth very nar-

row, its width 1 1.5% or less of SL D. discors

4a. Preopercular lateral-line count usually 2. A reticulate color pattern often discemable on dorsal surface (Fig. 1 5a). A
small species reaching less than 85 mm SL D. sparsus

4b. Preopercular lateral-line count usually 3. No reticulate color pattern on dorsal surface. Larger species, reaching

nearly 150 mm SL 5

5a. Very small tubercles with slender spines covering body; enlarged tubercles are present, but these covered by the

small ones so effect is of uniformly small tubercles (Fig. 15c). Subopercular spine little developed D. spinosiis

5b. Tubercles moderate size interspersed with small ones (Fig 15b). Subopercular spine broad, moderately long D. eriiuiceus

6a. Tubercles so tiny that the texture of the skin resembles velvet (Fig. 14). Mouth very wide, the width 27.5% of SL.

.laws covered with papillae, burying the bristlelike teeth D. vehitimis

6b. Tubercles moderate to large size, skin not velvetlike. Mouth width less than 25% of SL. Small conical teeth in

bands visible on jaws 7

7a. Large tubercles decorated with spinules radiating in lines from central spine (Fig. 9e). Subopercular lateral-line

count 6 D. cracens

7b. Tubercles plain; no spinules. Subopercular lateral-line count usually 5 8

8a. Spines of tubercles long (Fig. 9b) D. hystrix

8b. Spines of tubercles short (Fig. 1 Of) D. spongiosus
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Dibranchus atlanticus Peters, 1876

Figs. 2, 3a-b, 4a-b, 8, 9d

Dibranchus atlanticus Peters, 1876:738 (original description, 1 specimen, the type, off West Africa; 675 m;

holotype not seen); Gunther, 1887:59 (W coast of Africa, 658 m): Vaillant, 1888:343 (off Cape Verde I.,

405 m); Goode and Bean, 1896:501; Beebe, 1937:207 (off Bermuda; pelagic specimens from depths to 600

m); Cadenat, 1937 (9°32'N, 16°25'W, 250 m); Arnold, 1949:299 (off New England, 117 m); Rees.

1963:1513 (continental slope of Canadian Atlantic); Crane, 1968:410 (off Georgia from 366 m; biolumi-

nescence); Hoese and Moore, 1977:144 (Gulf of Mexico off Texas and Louisiana; key; partial description);

Golovan, 1978:231 (northwestern Africa; benthic zonation); Pietsch, 1981:387 (osteology; phylogeny);

Uyenoetal., 1983:250 (off Surinam and French Guiana, 180-910 m; description; photograph); Matallanas,

1987:121 (off Guinea-Bissau, NW Africa).

Halieutaea senticosa Goode, 1881:467 (holotype USNM 26175; coast of southern New England, 412 m).

Remarks.— I am indebted to C. Karrer, Zoologisches Museum Hamburg, who informs me that

"nearly all the material of Peters is in the Zoologisches Museum, Berlin" (pers. commun. 1991).

Presumably the holotype of Dibranchus atlanticus is among this material. In any event, figures

accompanying the original description give an exceptionally clear picture of the species including the

diagnostic spinules on tubercles.

Diagnosis.— Tubercles have ridges radiating from the apical spine; these ridges heavily edged

with spinules, especially the largest tubercles (Figs. 4, 9d); thus, tubercles in this species appear

multi-spined. Vertebral count usually 18 (Table 3). Subopercular lateral-line count usually 5 (Table

4). No palatal teeth.

Description.— Based on 432 specimens 30.0-138.0 mm SL. Counts and body proportions

given in Tables 3-5. Skeleton firm; skin tough, studded with shagreenlike tubercles among which

protrude numerous enlarged tubercles with hard sharp spines. Rostrum short, median tubercle slightly

overhanging illicial cavity (juveniles have rostrum more elongated). Esca and nasal capsules as in

generic description.

Teeth as in generic description. No palatal teeth. Gill rakers as in generic description; usually 6

gill rakers on each side of second arch.

Tubercles mainly of 2 sizes; relatively small simple tubercles evenly distributed over entire body

so skin resembles shagreen. Interspersed are large tubercles featuring prominent facets, the ridges

between facets studded with rows of spinules forming a radiating pattern from the long central spine

(Fig. 4a). Largest of these occur on the sides of the disk, where terminal spines are bifid, and on the

dorsal and lateral sides of the tail. Spinules on edges of tubercle facets well developed in specimens

about 35 mm SL or more; in specimens about 30-35 mm SL, only largest tubercles have spinules

developed; tubercles in specimens under about 30 mm SL lack spinules. Subopercular spine promi-

nently long with 6—8 spinelets. Only small tubercles occur on the ventral surface of the disk, where

the skin is uniformly shagreenlike; this type of squamation also occurs in the skin on the eyeballs.

Ventral surface of tail with principal tubercles wide, low, covered with radiating spinules as

elsewhere on body, terminating in short stout recurved spines (compare Fig. 9d with others pictured

in Figs. 9 and 10). Similar tubercles lie between the principal rows in 2 longitudinal rows from the

anus to the anal fin base. Small tubercles thickly distributed between bases of large tubercles.

Fins, except dorsal, usually with tubercles on bases of rays.

Dermal cirri associated with channels for lateralis organs, especially around neuromasts.

Pectoral fins slender, sturdy relative to most other species; pelvic fins slender.

Color. Fresh specimens tinged with pink on light bluish gray or brown background. Fins very

pale to brilliant rose red. Pinks and reds disappear completely in preservative; preserved specimens

uniformly pale gray or light brown. Eastern Atlantic specimens frequently with a reticular pattern on

the dorsal surface of the disk that is darker than the ground color. Fins the same color as the body in
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Figure 8. Dorsal views of similar-sized specimens of Dibranclnis tremendiis,

atlanticus, 1 13.0 mm SL, USNM 186337 (right).

16.0 mm SL, USNM 320326 (left) and D.

preserved specimens. Peritoneum black. Dark brown specimens occur, but rarely; in these, cirri

associated with lateral line organs on subopercle and tail dark brown or black, fins dark or with dark

blotches.

Distribution.— Atlantic coasts of Canada and United States, Gulf of Mexico, Caribbean, and

coast of South America to Rio de Janiero, Brazil; in the eastern Atlantic, the GulfofGuinea to Angola.

Bathymetric range: the vast majority of collections from 300-700 m. Two lots that I have seen came

from depths less than 100 m off French Guiana. A few lots have come from 700-1000 m, including

samples from the Gulf of Mexico, Straits of Florida, off Surinam, and off Angola; there is one --ecord

from 1260 m from off Angola.

Geographic Variation. — Intraspecific variation occurs in this wide-ranging species. Color

differences between eastern and western Atlantic populations are observable: specimens from the

Gulf of Guinea often have reticulate markings on the dorsal surface of the body, usually vague,

occasionally strong, which are not seen in western Atlantic material.
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There was also a difference in pectoral fin ray count between eastern and western Atlantic

populations (Table 2); note that the western Atlantic material was handled as five populations based

on geographic regions, as follows: Gulf of Guinea, Atlantic coast of the United States (US), Gulf of

Mexico, Caribbean, and coast of NE South America.

Material.— Numbers in parentheses give number ofspecimens; for lots used in morphometric

analyses, standard lengths follow the number of specimens. Method of capture, when known, is by

bottom trawls or dredges unless otherwise noted.

Atlantic Coast of United States: ARC 8600689 (1, 112.4), 43°07'N, 61°28'W, 500 m. ARC
8600690 (2, 65.0-125.3), 42°52'N, 62°35'W, 326 m. ARC 8600691 (1, 129.2), St. Pierre Bank. ARC
8600693 (1,91.1), 42°47'N, 63°30'W, 600 m. ARC 8600694 (2, 94.0-97.7), 44°35'N, 58°44'W, 8

1

m. ARC 8600695 (1, 87.7), 42°46'N, 63°30'W, 417 m. ARC 8600696 (1, 90.2), Nova Scotia Banks,

6' Issacs Kidd. ARC 8600697 ( 1 , 85.4), 43°56'N, 58°40'W, 373 m. CAS 3200 (5, 27.8-56.9), ISELIN

Cruise 7310, Sta. 45, 36°42.6'N, 74°38.2'W, 390 m. CAS-SU 9519 (4, 45.7-108.6), offNewport, R.

1. CAS 42667 (2, 76.0-92.0), COMBAT Sta. 362, 34° 1 8'N, 75°5 1 'W, 402 m. CAS 42669 (1,71 .0),

SILVER BAY Sta. 2070, 29° 1 3'N, 79°59'W, 375 m. CAS 76452 (1,131.5), DELAWARE Cr. 60-
1

,

Sta. 8, 41°54'N, 68°13'W-41°54'N, 68°17.5'W, 220-238 m. CAS 42670 (1, 77.5), PELICAN Sta.

58, 29°59'N, 80°10'W, 29^305 m. CAS 42700 (2, 45.6-82.0), SILVER BAY Sta. 469, 29°36'N,

80°10'W, 348-366 m. CAS 42701 (1, 105.0), SILVER BAY Sta. 445, 28°03'N, 78°44'W, 914-951

m. CAS 42702 ( 1, 42.0), COMBAT Sta. 499, 29°50'N, 80°10'W, 366 m. CAS 42704 (3, 48.0-123.0),

DELAWARE Sta. 59-10, Tow 3, 39°57'N, 70°58'W, 320-366 m. CAS 42705 (1, 76.0). COMBAT
Sta. 445, 25°15'N, 79°13'W, 366 m. CAS 51206 (1, 90.0), COMBAT Sta. 436, 24°13'N, 81°42'W,

549 m. CAS 63251 (2, 68.7-90.4), COMBAT Sta. 431, 29°57'N 80°08'W, 384 m. UF 25980 (2,

79.5-83.0), PELICAN P-70, 29°32'N, 80°08'W, 27^348 m. UF 25981 (4, 54.0-106.0), SILVER

BAY Sta. 220, 29°29'N, 80°09'W, 329-348 m. USNM 1 86335 ( 1 , 77.8), DELAWARE Cr. 59-7, Sta.

8B, 36°42'N, 74°41'W, 366 m. USNM 186337 (5, 75.3-113.0), DELAWARE Cr. 59-7, Sta. 4B,

36°05'N, 74°43'W, 366 m.

Gulf of Mexico: CAS-SU 17442 (4, 66.2-79.9), OREGON Sta. 501, 27°55.5'N, 9r32.5'W, 402

m. CAS 42668 (4, 80.2-92.1), OREGON Sta. 126, 29°02'N, 88°34.5'W, 357 m. CAS 42689 (1),

OREGON Sta. 1019, 24°16'N, 83°22'W, 686 m. CAS 42692 (1), OREGON Sta. 319, 29°20'N,

87°25'W, 576-622 m. CAS 42695 (4, 88.0-95.5), OREGON Sta. 270, 29°23'N, 87°25'W, 402 m.

CAS 42697 (13), OREGON Sta. 480-484, 28°56.5'-28°58'N, 88°39-88°42.5'W, 36^^39 m. CAS

42698 (4, 37.0-79.5), SILVER BAY Sta. 1197, 24°15'N, 83°36'W, 914 m. CAS 42699 (2,

76.5-87.0), SILVER BAY Sta. 1 1 96, 24° 1 1 'N, 83°2 1 .5'W, 732 m. CAS 42706 ( 1 ), OREGON Sta.

307, 29°00'N, 88°35'W, 402 m. CAS 76453 ( 1 , 1 05. 1 ), OREGON Sta. 279, 29° 1 1 'N, 86° 1 1 'W, 558

m. FMNH 45748 (1 ), OREGON Sta. 795, 29°15'N, 87°49'W, 421-549 m. FMNH 46730 (16,

51.7-97.0), OREGON Sta. 472-484, 29°06'N, 88°27'W-28°57'N, 88°42.5'W, 348-^39 m. FMNH
46732 (2), OREGON Sta. 272, 29°16'N, 86°39'W, 395 m. FMNH 59915 (1), OREGON Sta. 726,

22°41.9'N, 86°41.2'W, 412 m. FMNH 64020 (1), OREGON Sta. 640, 29°0rN, 88°24'W, 649-869

m. USNM 1 58230 (4) OREGON Sta. 489, 27°44'N, 85°09'W, 465 m. USNM 1 58536 (2), OREGON
Sta. 127, 29°02'N, 88°34'W, 424-472 m. USNM 158837 (3, 63.4-93.7), OREGON Sta. 1389,

29°00'N, 88°33'W, 408 m. USNM 158839 (1, 95.8), OREGON Sta. 1400, 29°30'N, 87°08'W, 384

m. USNM 159150 (1), OREGON Sta. 1283, 29°06'N, 88°19'W, 476 m. USNM 159160 (3,

45.6-71.0), OREGON Sta. 1282, 29°10'N, 88°03'W, 476 m. USNM 159181 (5, one measured 86.8),

OREGON Sta. 1238, 28°53'N, 88°48'W, 366 m. USNM 219120 (1, 165.0), OREGON II Sta. 1 1469,

28°59'N, 86°49'W, 521 m.
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Table 2. Frequency distributions for pectoral fin ray counts in specimens ofDihranchus atlanticiis from five

geographic regions of the Atlantic Ocean. Counts were made on both sides.

Pectoral Fin Ray Count
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Table 4. Frequency distributions for cephalic and tail lateral-line counts of species of Dibranchus.
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Figure 9. Ventral views of tails of species of Dibranchus to show patterns of squamation. Pointers indicate lateral-line

channels on the sides of the tail. A principal row of tubercles is defined as forming the ventral edge of this channel, (a)

Dihrunchiis tremendiis. 192.0 mm SL (holotype), UF 25923; (b) D. Iivstrix, 125.0 mm SL. CAS-SU 46657; (c) D. accindiis,

175.0 mm SL (holotype), CAS 82221; (d) D. atlanticits, 92.8 mm SL, CAS 42695; (e) D. cracens, 102.0 mm SL (holotype),

CAS 82222; (f) D. japonicii.s, 151.5 mm SL, ZMMSU 20360. Long-spined species (a. b, andc) occur around the world, with

D. tremendus in the eastern and western Atlantic, D. hysthx in the eastern and western Pacific, and D. acciuctits in the western

Indian Ocean. Two species have tubercles decorated with spinules: D. atkmticiis (d) and D. cracens (e). (D. discors, not shown,

has tubercles decorated with spinules, but these are barely macroscopic and sparse.) The fine-tubercled species, D. japonicus

(f), has uniquely leathery skin and prominent stout spines on the principal tubercles.
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Figure 10. Ventral views of tails of species of Dibranclnis to show patterns of squamation. Pointers indicate lateral-line

channels on the sides of the tail. A principal row of tubercles is defined as forming the ventral edge of this channel. Note that

neuromasts may be seen in the channel posteriorly in specimen c. (a) D. sparsus. 81.2 mm SL, MCZ 28716; (b) D. spinosn.s,

91.0 mm SL, CAS 39921; (c) D. enmiceus. 1 14.0 mm SL (lectotype). MCZ 28712; (d) D. midivomer. 101.2 mm SL. CAS
82225; (e) D. velutinus, 99.0 mm SL (holotype). CAS 82223; (f) D. spongiosiis, 133.2 mm SL, CAS 82252. Dibranclnis

sparsus, D. spinosus, D. erinaceus and D. midivomer (a-d) are four of the five species in the genus with palatal teeth (the fifth,

Dibranclnis discors, is not pictured). Dibranclnis sparsus and D. spinosus are fme-tubercled species with principal tubercles

little enlarged, D. erinaceus has prominent principal tubercles, and D. nudivomer has uniformly moderate-sized tubercles.

Species lacking palatal teeth include D. velulinus (e), which has the smallest tubercles of any species in the genus, and D.

spongiosus (f), with approximately uniform moderate-sized but short-spined tubercles.
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Description.— Based on 34 specimens 36.2-192.0 mm SL. Counts and body proportions

given in Tables 3-5. Skeleton firm; skin pliant, especially on ventral surface ofdisk. Rostrum broadly

triangular viewed from above, slightly overhanging mouth. Esca and nasal capsules as in generic

description. Illicium of one specimen, FSM 25923, cleared and stained (Fig. 6a); illicial bone agrees

with Dihranchus as pictured in Figure 6b.

Teeth as in generic description. No palatal teeth. Gill rakers as in generic description, pedicels

relatively short; 5 gill rakers on each side of second arch.

Tubercles on dorsal surface of disk relatively widely spaced (Figs. 8, 11), medium to large in

size (no background of small tubercles forming a shagreen as in D. atlanticus). Tubercles on ventral

surface of disk similarly widely spaced but smaller, as are the tubercles on skin surrounding eyeballs.

Tubercles of edge of disk very large, closely spaced, with prominent bifid spines. Subopercular spine

conspicuously long in small specimens, becoming nearly the same size as other disk margin tubercles

in large specimens; usually 4 spinelets. A few enlarged tubercles along dorsal edge ofeach orbit. Very

large tubercles with extremely long sharp spines occur down the posterior midline of head, continuing

onto tail, and on lateral sides of tail.

Ventral surface of tail (Fig. 9a) with the huge heavily-spined tubercles of the principal rows

occupying most of the space. Between anus and base of anal fin occur 2 irregular rows of lesser

tubercles, with a sprinkling of small tubercles in between, but no small tubercles covering bases of

large tubercles as in D. accinctus.

Fins without tubercles except at the extreme bases of the pectorals and caudal.

Dermal cirri associated with channels of lateralis system, especially neuromasts.

Pectoral and pelvic fins relatively long and slender in small individuals, shorter and broader with

rays very fleshy in large ones.

Color. Ground color of body pale to medium brown; ventral surface in one specimen darker than

dorsal surface, but otherwise dorsal and ventral surfaces about the same. Cirri associated with

lateral-line scales and excavations of ventral surface often dark brown or black. In a few specimens,

each tubercle of dorsal surface of disk with skin at apex colored dark brown, giving effect of evenly

distributed tiny dark spots. Fins the same color as ground color of body, sometimes darker, or

sometimes fin membranes dark.

Etymology.— The name tremendus means a Dihranchus to be trembled at, in reference to its

giant size and terrific spines.

Distribution.— Caribbean Sea, Gulfof Mexico, western North Atlantic, eastern Atlantic from

Gulf of Guinea to Namibia. Bathymetric range from about 1000-2300 m, with one record 750-896

m; separated bathymetrically from D. atlanticus which usually occurs at depths less than 1000 m.

Material.— 34 specimens 36.2-192.0 mm SL. Holotype: UF 25923 (192.0), OREGON II

Sta. 1 1239, 9°32'N, 76°38'W, 1463 m. Paratypes: Atlantic Coast United States: MCZ 37822 (3,

1 43.5-1 58.0), CAPT. BILL II Sta. 59, 39°59'N, 69°09'W, 750-896 m. VIMS 03504 (1,1 74.0), slope

south of Hudson Canyon, 38°5rN, 72°44.rW, 1333 m. Gulf of Mexico: USNM 320332 (1, 158.0),

OREGON II Sta. 10876, 28°55.2'N, 87°23'W, 1463 m. Caribbean: UF 25924 (3, 104.6-150.0),

OREGON II Sta. 1 1242, 10°10'N, 76°14'W, 1097 m. UF 25925 (5, 64.2-149.2), OREGON 11 Sta.

1 1240, 9°58'N, 76°29'W, 1271 m. UF 104889 (1, 96.5) same data as for holotype. UF 229293 (1,

53.4), PILLSBURY Sta. 748, 1 1°24.8'-36'N, 67° 10.1 '-06'W, 1865-1783 m. UF 232001 (2,

106.9-1 16.4), PILLSBURY Sta. 747, 1 1°46'-54.7'N, 67°05.7'-05.0'W, 1 174-1097 m. UF 232820

(1, 113.5), 12°55'-13°04'N, 71°46.5'^2.0'W, 1317-1298 m. USNM 320325 (1, 132.5), OREGON
Sta. 5639, 11°44'N, 68°43'W, 1006 m. USNM 320326 (2, 43.3-116.0), OREGON Sta. 4449,

10°56'N, 67°38'W, 1079 m. USNM 320327 (1, 144.0), OREGON II Sta. 1 1242, 10°10'N, 76°14'W,

1097 m. Eastern Atlantic, Gulf of Guinea to Namibia: lOAN (1, 32.1), FIOLENT Cr. FAO-1,

Trawl81,10°56'S, 13°13'E, 960 m. UF 221621 (l,82.7),PILLSBURYSta.314,4°58'-52'N,3°48'E,
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2268-2332 m. UF 221672 (6, 36.2-134.2), PILLSBURY Sta. 309, 4°15'-12'N, 4°27'-28'E,

1280-1317 m. UF 223274 (3, 49.1-130.2), PILLSBURY Sta. 76, 4°32'-40'N, 9°42'-49'W,

1555-1463 m.

One other paratype, UF 232665 (1,1 1 1.0), GILLIS GS-21, cannot be assigned locality data.

Catalog data, specimen label, and GILLIS data sheets at the Florida Museum of Natural History all

agree on the following: 7°1 r-7°12.5'N, 79°16'-79°18.5'W, erroneously placing the locality in the

Pacific rather than in the Caribbean where the ship was cruising at the time.

Dibranchus hystrLx Garman, 1899

Figs. 9b, 12a

Dibranchus hystrix Garman, 1899:92 (original description, 3 specimens from eastern tropical Pacific, illustra-

tions); Bradbury 1962:2 (lectotype selected, MCZ 28776, from off northern Ecuador, 2196 m).

Dibranchus scaber Garman, 1899:94 (original description, 2 specimens from eastern tropical Pacific, illustra-

tion); Bradbury, 1962:2 (lectotype selected, MCZ 28724, from mouth of Gulf of California, 1820 m).

Dibranchus asper Garman, 1899:101 (original description, holotype from off Acapulco de Juarez, Mexico,

1207 m); Bradbury, 1962:2 (D. asper placed in synonymy of D. hystri.x).

Diagnosis.— Tubercles on sides of tail with extremely long spines (Fig. 9b). On ventral surface

of disk, tubercles small, widely spaced so skin seems naked, the effect intensifying with increase in

standard length; in larger specimens, these tubercles sometimes truly absent. Except for 2 short

longitudinal rows of tubercles anterior to anal fin base, principal tubercles occupy most of the ventral

surface of tail (Fig. 9b); no small tubercles in skin covering bases of principal tubercles. Subopercular

lateral-line count usually 5 (this count usually 6 in most eastern Pacific Dibranchus except D.

spongiosiis (Table 4). No palatal teeth.

Description.— Based on 22 specimens 40.0-125.0 mm SL. Counts and body proportions

given in Tables 3-5. Skeleton pliant, body often flabby depending on preservation; subopercles

weakly calcified so lateral sides of disk have tendency to roll up in preservative. Skin thin, flabby,

especially soft on ventral surface of disk. Rostrum triangular, slightly overhanging mouth, relatively

small in small individuals, largest in largest specimens (usually in ogcocephalids the relationship is

an inverse one); a deep notch at either side of base of rostrum, which is the channel of the supraorbital

lateral line series. Esca and nasal capsules as in generic description.

Teeth as in generic description. No palatal teeth. Gill rakers as in generic description; usually 6

gill rakers on each side of second arch.

Tubercles widely spaced, varied in size but spines always relatively stout and long, bifid on edge

of disk, recurved on tail. Skin covering eyeballs with small widely-spaced tubercles. Largest tubercles

occur on face, edges of disk, and dorsal and lateral sides of tail. Elsewhere tubercles uneven in size,

not closely spaced so considerable bare skin in intervals, sprinkled over dorsal surface of disk and

pectoral fin pedicels. Subopercular spines extremely large with 4—5 spinelets. On ventral surface of

disk, small widely-spaced tubercles present in small specimens but becoming inconspicuous with

increase in body size, sometimes absent in large specimens; the skin thin and flaccid.

Ventral surface of tail (Fig. 9b) with principal tubercles large, close-set, terminating in long

recurved spines. Anterior to anal fin base, between the 2 rows of principal tubercles, lie 2 rows of

slightly smaller tubercles, also close-set; no small tubercles in intervening spaces or in skin covering

bases of large tubercles. Fins devoid of tubercles, except a few sometimes present at base of pectoral.

Dermal cirri relatively sparse, present around margins of disk and lateral sides of tail. Cirri

associated with neuromasts formed as fringed flaps.

Pectoral fins slender. Pelvic fins with thickened skin on rays.
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1

Color. Garman [1899:91, 94-96] stated, "Color a rich dark chestnut to chocolate brown; fins

black." For D. asper, (here placed in synonymy of D. hystrix) Garman said, "Blackish externally and

on the linings of the body cavity." For D. scaber (here placed in the synoymy of D. hystrix) Garman

said, "Greyish black, apparently reddish or purplish in life, fins blackish; lower surface darker." The

above specimens now faded. All specimens I have examined lack pigment externally, but several

have linings of buccal and gill cavities and the peritoneum covered with melanophores, giving a

medium brown effect.

Distribution.— A disjunct distribution, with 1 1 localities recorded in the eastern Pacific and

one from the South China Sea. Occurs in eastern Pacific from mouth of Gulf of California to Gulf of

Guayaquil and west nearly to Galapagos Is. There are in addition two problematic lots, CAS-SU

46656 from about 1 50 mi ESE ofCocos I. and CAS-SU 57662 from the Galapagos archipelago. Hard

to identify because specimens are small and must have once dried out, they most likely represent D.

hystrix, and therefore provisionally are included here. Bathymetric range: 914—2323 m.

Material.— 22 specimens 40.0-125.0 mm SL. Lectotype: MCZ 28726 (83.0 mm SL),

ALBATROSS sta. 3375, 2°34'N, 82°29'W, 2196 m.

CAS-SU 46287 (5, 41.0-75.0 mm SL) and CAS-SU 46657 (125.0 mm SL), ARCTURUS
74^D-1, 4°50'N, 87°00'W, 1543 m. CAS 82242 (4, 41.1-83.1 mm SL), ANTON BRUUN Cr. 18B,

sta. 766, 4°
1 0'S, 8 1 °27'W, 1815-1 860 m. CAS 82256 (43.3 mm SL ), NAGA exp. 60-2 1 9, sta. 60-67.

South China Sea, 1234-1264 m, m.V. STRANGER. LACM 33588-5 (64.0 mm SL), VELERO
18932, Costa Rica, 14 mi off Punta Guiones. MCZ 28723 (40.0 mm SL, holotype of Dibranchus

asper Garman), ALBATROSS sta. 3418, 16°33'N, 99°52'30"W, 1207 m. MCZ 28724 (101.0 mm
SL, lectotype oi Dibranchus scaber Garman), ALBATROSS Sta. 3431, 23°59'N, 108°40'W, 1820

m; MCZ 28725 (58.0 mm SL,lectoparatypeofD/6ra«c/?M5 5caZ)er Garman), ALBATROSS sta. 3364,

5°30'N, 86°08'30"W, 1650 m. MCZ 28727 (63.5 mm SL), ALBATROSS sta. 3392, 7°05'30"N,

79°40'W, 2323 m. MCZ 28728 (56.0 mm SL), ALBATROSS sta. 3362, 5°56'N, 85°10'30"W, 2149

m. USNM 135364 (2, 53.2-80.0 mm SL), 0°24'S, 89°06'W, 1485 m. ZMUC (2, 40.0-53.0 mm SL),

GALATHEA sta. 739, 7°22'N, 79°32'W, 938 m.

Two lots provisionally identified as D. hystrix: CAS-SU 46656 ( 1 ), ARCTURUS 6 1 -T-4, 4°56'N,

84°35'W, 914 m, and CAS-SU 57662 (2), ARCTURUS 84-T-20, 0°17'S, 91°34'W, 914 m.

Dibranchus spongiosus (Gilbert), 1891

Figs. 3c, d; lOf; 12b

Halieutaea spongiosa Gilbert, 1891:124 (original description, holotype from eastern tropical Pacific, 841 m).

Dibranchopsis spongiosa, Garman, 1899:96 (description; illustrations; eastern tropical Pacific).

Dibranchus spongiosus, Bradbury, 1967:414 (diagnosis of Dibranchus).

Diagnosis.— Body flabby, skin thin and translucent. Subopercular lateral-line count usually 5

(compared to 6 for most eastern Pacific Dibranchus, Table 4). Skull relatively long, 30 percent or

more of SL (Table 5). Lower lip with membranous fringe of fingerlike papillae. No palatal teeth. Gill

rakers in the form of broad tooth plates attached directly to gill arch; no pedicels evident (Fig. 3c, d).

Description.— Based on 30 specimens 43.6-118.5 mm SL. Counts and body proportions

given in Tables 3—5. Body and skeleton flabby, bones easily bent, tubercles weakly ossified. Cranium

relatively high posteriorly, sloping sharply down to rostmm; rostrum very abbreviated, merely a

rounded, narrow shelf. Illicial cavity very shallow. Esca and nasal capsules as in generic description.

Fringe of fingerlike papillae on membrane hanging from lower lip; oral valves covered with small

short papillae.
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Figure \\. Dibranchus tremendus new species, holotype, 192.0 mm SL, UF 25923, from the Caribbean Ocean, (a) dorsal

view, (b) ventral view.

Teeth as in generic description. No palatal teeth. Gill rakers evidently without pedicels; low

dome-shaped tooth plates bearing tiny teeth extend broadly onto gill arch (Fig. 3c), 6 or 7 on each

side of second arch.

Tubercles on dorsal surface of body moderate and uniform in size with short spines, widely

spaced but evenly distributed. Tubercles on edges of disk and lateral sides of tail slightly larger,

sometimes bifid or trifid, but spines very short. Subopercular spines developed in small specimens,

in large specimens relatively very small and encroached upon by skin. Small tubercles evenly

distributed in skin covering eyeballs. Tubercles on ventral surface of disk smaller, widely but evenly

spaced except sparse on lateral sides disk.

Ventral surface of tail (Fig. 100 with principal tubercles broad, low, terminating in very short

spines. Intervening space with small tubercles both anterior and posterior to anal fin base, these spaced

apart leaving bare skin between.

Pedicels of paired fins covered with tubercles but fins free of tubercles except for a few near

bases of pectoral and caudal fin rays.

Dermal cirri in the form of fringed flaps associated with neuromasts.

Fins moderate length, slender; membranes thin, transparent.
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Figure 12. Dorsal views of (a) Dihranclms hystrix. 125.0 mm SL, CAS-SU 46657, and (b) D. spongiosus. 133.2 mm SL,

CAS 82252, both from the eastern tropical Pacific Ocean.

Color. In original description, Gilbert (1891:125) wrote, "Uniform dusky, the tail sometimes

lighter; fins blackish, more or less edged with white." In a black-and-white photograph of a fresh

specimen kindly sent by staff of Scripps Institution of Oceanography, the skin is translucent with dark

blotches over the top of the eyeballs, the posterior two-thirds of the disk, and on the tail; each tubercle

is darkly pigmented, and these contrast with the pale portions of skin around the face and tail.

Preserved specimens uniformly pale, including linings of gill cavities; peritoneum spotted with black.

One relatively fresh specimen with epithelium of gill bars and branchial cavities very dark, peritoneum

very dark.

Distribution.— Recorded here from 10 localities off Mexico, from Bahia Magdalena to Gulf

of Tehuantepec, and 1 locality off Revillagigedo I. Bathymetric range: 700-1244 m.

Material.— 92 specimens, 39.2-133.2 mm SL. Holotype: USNM 44284 (89.5 mm SL).

Paratypes: USNM 44392 (14, 49.0-75.5 mm SL,), ALBATROSS sta. 2992, 18°17'30"N,

114°43'15"W, 841 m.

CAS 57834 (2, 76.1-78.1 mm SL), TE VEGA Cr. 19, Sta. 19, 17°24'N, 101°31'W, 940-1000

m. CAS 82252 (51, 32.9-133.2 mm SL),TE VEGA Cr. 19, sta. 17, 19°43.5jiiN, 105°35.5W, 700-

900 m. MCZ 28720 (9, 51.0-1 18.5 mm SL), ALBATROSS sta. 3417, 16°32'N, 99°48'W, 902 m.

MCZ 28721 (2, 46.0-66.5 mm SL), ALBATROSS sta. 3425, 21°19'N, 106°24'W, 1244 m. MCZ
28722 (43.6 mm SL), ALBATROSS sta. 3418, 16°33'N, 99°52'30"W, 1207 m. SIO 58-419 (2,
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82.0-96.5 mm SL), Mexico, Salina Cruz, Gulf of Tehuamepec. SIO 59-266 (1 specimen), 23°55'N,

108°ll.5'-23°5rN, 108°07.5'W. SIO 64-14 (3, 48.8-67.1 mm SL), 24°59'N, 113°00.5'W-

24°49.3'N, 1 13°14.2'W. UAZ (6, 58.6-72.0 mm SL), Lugar 50 m SW Baluarte, Sinaloa, 800 m.

Dibranchus cracens Bradbury, McCosker, and Long, 1999

Figs. 9e, 13

Diagnosis.— Large tubercles decorated with rows of bosslike spinules radiating out from the

central spine along the ridges between facets (only D. atlanticiis has a similar feature). Jaw relatively

long compared to D. atlaiUicus, 14.6 percent of SL (Table 5). No palatal teeth. Illicial skeleton as in

Dibranchus as shown in cleared and stained illicium from CAS 88034.

Description.— Based on 3 specimens, all males, 102.0-128.3 mm SL. Counts and body

proportions given in Tables 3-5. Skeleton relatively firm, skin tough. Rostrum bluntly triangular,

short, scarcely overhanging mouth; when viewed from above, appears notched on either side near

base owing to excavations for supraorbital lateral-line. Esca with ventral lobes well separated at

midline. All specimens, which are males, with large swollen nasal capsules and the posterior nostril

a long vertical gaping slit.

Teeth as in generic description. No palatal teeth. Gill rakers as in generic description, 6 on

posterior side of second arch.

Dorsal surface of body sprinkled with large tubercles spaced apart, except those of dorsal surface

of tail in 2 longitudinal rows. Intervening spaces like shagreen, packed with tiny simple tubercles.

Large tubercles with short stout center spines and rows of bosslike spinules radiating out from center

spine. Subopercular spines moderate size. Ventral surface of disk and pectoral pedicels covered with

small tubercles.

Ventral surface of tail (Fig. 9e) with principal tubercles broad, low, their central spines short;

prominent spinules radiate from central spines. An orderly row of similar tubercles on each side of

midline anterior to anal base, with small tubercles packed in intervening spaces.

Skin covering eyeballs thickly covered with fine tubercles. Fine tubercles also present on fin rays

of dorsal and caudal fins and dorsal side of pectoral fins, running out for about half the length of the

fin ray; ventral surface of pelvic fin rays have tubercles near fin base.

Dermal cirri present but not abundant; those associated with neuromasts formed as fiaps.

Paired fins relatively slender, fin membranes transparent.

Color. In life, holotype with dorsal surface of body salmon colored, tubercles white; dorsal,

caudal and pectoral fins salmon to orange (Bradbury et al. 1999). Faint dark saddle across tail at base

of dorsal fin. Ventral surface of body white, pelvic and anal fins pink. Lower jaw and tip of snout

white, esca red-orange, eyes blue. Paratype, CAS 88034, with dorsal surface brown, tubercles white;

orange around ventral body margin, tail, and fins; dorsal fin brown basally, orange distally; esca

brown, mouth and anus white. In preservative, one specimen (CAS 82222) faded white, but others

light brown with tubercles pale so they seem like pale spots. Olfactory capsule dark or pale. Dark

saddle across tail at base of dorsal fin. Dorsal dark basally, pale distally. Caudal dusky on dorsal half,

otherwise pale. Paired fins and anal fin pale. Ventral surface of body pale. Internal membranes

pigmentless except peritoneum, which is spotted with brown melanophores.

Distribution.— All three specimens come from the Galapagos Islands.

Etymology.— The name Dibranchus cracens means a neat or tidy Dibranchus, in reference

to the firm, trim body and regularity of size and distribution of tubercles.

Material.— 3 specimens 1 02.0-1 28.3 mm SL. Holotype: CAS 865 1 6 ( 1 1 9. 1 mm SL, male),

JSL 3947, off Cabo San Rosa, Isla Isabella, 01°04.7'S, 9I°1 1.9'W, 152-480 m, 10 Nov. 1995, J. E.

McCosker and party. Paratypes: CAS 82222 (102.0 mm SL, male), between Islas Santa Cruz and

Floreana, 350 m, dredge, collected by A. deRoy and J. deRoy, 1978. CAS 88034 (128.3 mm SL,
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Figure 13. Dihranchus cracens new species, holotype, 102.0 mm SL, CAS 82222. from the Galapagos Islands, (a) dorsal

view, (b) ventral view, (c) frontal view.

male), JSL 3957, off Cabo Douglas, IslaFemandina, 00° 17.5'S, 91°38.9'W, 354 m, 16 Nov. 1995,

J. E. McCosker and party.

Dihranchus velutinus new species

Figs. lOe, 14

Diagnosis.— Entire body covered with extremely fine tubercles, giving skin a velvety appear-

ance. No palatal teeth. Jaw teeth fine, bristlelike, buried among papillae that cover the jaws. Mouth

very wide, 27.5 percent of SL (Table 5).

Description.— Based on a single specimen 99.0 mm SL. Counts and body proportions given

in Tables 3—5. Skeleton flabby (but specimen shown by radiographs to have been decalcified, probably

owing to having been held too long in formalin, so it is possible the skeleton is normally sturdier).



286 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES
Volume 51, No. 5

Figure 14. Dibranchus vehitimis new species, holotype, 99.0 mm SL, CAS 82223, from the Peru-Chile Trench, (a) dorsal

view, (b) ventral view.

Anterior margin of disk blunt, so there is virtually no rostrum, the spines small but sharply upturned.

Esca as in generic description. Specimen a female with small nasal capsules and nostrils.

Pads of papillae prominent on jaws and within oral cavity including oral valves. On jaws and

each ceratobranchial V, slender, translucent teeth lie concealed among papillae, the papillae-teeth

pads of the jaws occurring as bands; each ceratobranchial V with suboval-shaped pad, the two

contiguous along midline their entire lengths. Papillae present on palate, but teeth are not.

Gill rakers finger-shaped, covered with relatively tiny papillae but no tooth plates evident; 5 gill

rakers on each side of second arch.

Skin soft, somewhat puffy, covered everywhere (including skin covering eyeballs) with ex-

tremely fine tubercles giving skin velvety appearance. Large tubercles occur on lateral edges of disk,

dorsal surface of trunk and dorsal and lateral surfaces of tail, and sprinkled over dorsal surface of disk

and pectoral pedicles, but always overlain by fine tubercles so velvety surface uniform throughout.

Large tubercles terminate in modest recurved spines, these bifid or trifid along disk margin.

Subopercular spines moderate size.

Ventral surface of tail (Fig. lOe) uniformly thickly covered with extremely fine tubercles,

tubercles of principal rows scarcely differentiated from the others except for slightly thicker spines.

Extremely fine tubercles in skin thickly covering paired fin pedicels, running out on the fin rays

for about half their length; fine tubercles also occur on fin rays of caudal.

Dermal cirri moderately developed, those associated with neuromasts flaplike.

Paired fins slender, weak; skin of fin rays slightly puffy but fin membranes thin, translucent.

Color. Body and fins tan color, somewhat darker on snout and anterior end of disk, contrasting

with pale lips and esca. Spines of tubercles on face and chin tipped with black, giving effect of skin

being peppered with fine black spots. Lining of gill cavities pale, peritoneum brown.

Etymology.— The name velutinus is an adjective meaning velvety, in reference to the fine

tubercles that give the skin the look of velvet.



BRADBURY: DIBJ14NCHUS REYIEVJ 287

MATERIAL.— Holotype: CAS 82223 (99.0mm SL), IMARPE, 4°59'S, 8r24.5'W. Depth

unknown, but D. sporsiis taken in the same haul suggests D. velutinus will be found at depths at which

D. sparsus occurs, about 450-525 m.

Dibranchus sparsus (Garman), 1899

Figs. 10a, 15a

Mahhopsis sparsa Garman, 1899:101 (original description, 19 specimens from eastern tropical Pacific);

Bradbury. 1962:3 (lectotype selected, MCZ 28717, from Gulf of Panama, 443 m).

Dibranchus sparsus, Bradbury, 1967:414 (diagnosis of Dibranchus).

Diagnosis.— Teeth present on vomer and palatines. Subopercular lateral-line count usually 6,

preopercular lateral-line count usually 2 (Table 4). Tubercles simple, very small, thickly distributed

over entire body. Subopercular spines small, inconspicuous. A small species reaching just over 80

mm SL.

Description.— Based on 23 specimens 2 1 .9-83.7 mm SL. Counts and body proportions given

in Tables 3-5. Skeleton relatively firm. Rostrum not developed, anterior end of disk rounded. Illicial

cavity very shallow. Esca and nasal capsules as in generic description.

Teeth as in generic description. Teeth present on vomer and palatines. Gill rakers as in generic

description; second gill arch with 6 or 7 gill rakers on each side.

Tubercles small with very short spines uniformly distributed over dorsal and ventral surfaces of

body including skin covering eyeballs. Larger tubercles in several longitudinal series dorsally on trunk

and tail, around edges of disk, and lateral sides of disk, their spines stronger but still short, some

multifid, particularly of edge of disk. Subopercular spines inconspicuous, short, 5—6 spinelets.

Ventral surface of tail (Fig. 10a) covered by the same small, close-packed, slender-spined

tubercles as the rest of body; principal tubercles scarcely larger than intervening ones, but some with

short blunt spines.

Pedicles ofpaired fins covered with small tubercles; paired fins and caudal with tubercles running

out along fin supports for 1/2 to 2/3 their length. Dorsal and anal sometimes with a few prickles,

especially near bases.

Dermal cirri well-developed on lateral margins of disk and tail; cirri associated with neuromasts

take the form of fringed flaps.

Fins moderate length, relatively stout.

Color. Garman (1899:102) stated: "Fresh specimens brownish, more or less gray, with rather

faint and ill defined spots of light brown somewhat closely placed over the disk; or in cases with white

vermiculations in the brown, or in others with whitish spots over a brownish surface; ventral surface

uniform light; orbits darker." In one relatively fresh specimen from Peru-Chile Trench: a discemable

reticulum on a relatively darker background; cirri blackish, associated with the lateralis channels on

face and ventral surface of disk. Gill, buccal, and gut cavities with brownish linings; individual

melanophores present, giving wash effect. Some specimens have peritoneum darker brown. Fins

colorless.

Distribution.— Recorded here from 6 localifies in the eastern Pacific, 3 offthe GulfofPanama

and 3 off the coast of Peru. Bathymetric range: 443—528 m.

Material.— 23 specimens 21.9-83.7 mm SL. Lectotype: MCZ 28717 (71.5 mm SL) and

lectoparatypes MCZ 41 595 (7, 53.0-70.5 mm SL), ALBATROSS sta. 3386, 7°33' 12"N, 79° 1
7'

1 5"W,

443 m.

CAS 82227 (74.8 mm SL), IMARPE, 4°59'S, 8r24.5'W, 528 m, 2 Jul 1980. CAS 82240 (46.1

mm SL), IMARPE, 8°42'S, 78°49'W, 24 Nov 1970. CAS 82236 (2, 29.1^8.7 mm SL), IMARPE,

Bonco de Moncora, Dec 1970. MCZ 28715 (6, 52.4-68.7 mm SL), ALBATROSS sta. 3385, 7°32'N.
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Figure 15. Dorsal views of 4 species of DIhrancfnis with palatal teeth, all from the eastern tropical Pacific Ocean (the 5th

species with palatal teeth, D. discor.s. is pictured in Fig. 17). (a) D. sparsus. 74.8 mm SL, CAS 82227, showing the reticulated

color pattern apparently unique for Pacific species; (b) D. ehnaceiis, 1 10.0 mm SL, SIO 90-71; (c) D. spinosiis. 87.9 mm SL,

CAS 82238; (d) D. nudivomer, 98. 1 mm SL, CAS 82261 . D. spiiwsus and D. nmiivomer sometimes co-occur and, in sorting,

are easily confused, but absence of teeth from the vomer in D. nialivomer separates the two.



BRADBURY: D/5i?^A^C//i7S REVIEW 289

78°36'30"W, 474 m. MCZ 28716 (4, 67.5-83.7 mm SL), ALBATROSS sta. 3385, 7°32'36"N,

79°16'W, 523 m.

Dibranchus spinosus (Garman), 1899

Figs. 10b, 15c

Malthopsis spinosa Garman, 1899:104 (original description, 2 specimens from Gulf of Panama, illustrations);

Bradbury, 1962:4 (lectotype selected, MCZ 28710, Gulf of Panama, 2323 m).

Dibranchus spinosus, Bradbury, 1967:414 (diagnosis of Dibranchus).

Malthopsis spinulosa Garnian, 1899: 106 (original description, 21 specimens from Gulf of Panama); Bradbury,

1962:4 (lectotype selected, MCZ 28709, 935 m; synonymized with D. spinosus).

Dibranchus alberti Nunez, 1967:43 (original description, 5 specimens from off Arica, Chile, 366 m; photo-

graphs; no museum or museum numbers given).

Diagnosis.— Teeth on vomer and palatines. Subopercular lateral-line count usually 6, preop-

ercular lateral-line count usually 3 (Table 4). Tubercles simple, very small, thickly covering entire

body. Subopercular spines small, inconspicuous.

Description.— Based on 58 specimens 32.9-149.0 mm SL. Counts and body proportions

given in Tables 3-5. Skeleton somewhat rubbery, subopercles (lateral margins of disk) flabby, often

rolled inward in preserved specimens. Rostrum variable when viewed from above, from bluntly

rounded to triangular but always very short, appearing notched at the base owing to excavation of

supraorbital lateral line channel on either side. Similarly prominent notches formed by lateralis system

channels on margins of disk opposite posterior end oforbits and near base ofsubopercular spine. Esca

and nasal capsules as in generic description.

Teeth as in generic description. Pads of teeth on palatines, these contiguous with pad of teeth on

vomer. Gill rakers as in generic description, usually 6 rakers on each side of second arch.

Tubercles very small and slender with relatively long weak spines, about uniform in size in

smaller examples, but, in larger specimens, many tubercles on dorsal surface ofbody slightly enlarged,

these sprinkled thinly but evenly over dorsal surface of disk, denser along margins of disk; in either

case, tubercles thickly distributed over dorsal surface of body including skin covering eyeballs;

tubercles of edge of disk and lateral sides of tail with longer, stouter spines. Tubercles of edge of disk

and lateral sides of tail with slightly stouter longer spines. Subopercular spines large and prominent

in smallest specimens, but the larger the specimen, the smaller the spine, until it can hardly be noticed;

5-6 spinelets. Fine tubercles cover entire ventral surface of body.

Ventral surface of tail (Fig. 10b) covered with very small densely-packed fine-spined tubercles.

Principal tubercles slightly larger than intervening ones, the spines long and delicate.

Paired fins with tubercles covering pedicels and occurring along both dorsal and ventral surfaces

of fin rays. Caudal also with tubercles running out along fin rays, dorsal with a few prickles at base,

anal sometimes with prickles but usually none.

Dermal cirri numerous, conspicuous because of black color, on chin and lateral margins of disk

and tail. Cirri associated with neuromasts take the form of fringed flaps, also black.

Fins slender, relatively weak.

Color. Garman (1899:106, 107) wrote of D. spinosus: "Uniform dark brown; fins black" and of

D. spinulosa (here placed in synonymy of D. spinosus): 'Translucent whitish to brown, with or

without cloudings or spots .... Traces of brilliant red colors appear on light colored individuals and

. . . some of the lateral lobes of the illicium are deep red, while the median lobe is of cream color; the

illicium varies from light color to dark brown." Newer material has some specimens faded to

extremely pale, otherwise tan to brown, spines of tubercles appearing as points of pigment darker

than background. Nasal capsule blotched to entirely dark, esca variously pale or blotched, a tinge of

red-orange visible in some. Sometimes membranes around gill pores and/or anus-urogenital region
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relatively dark, contrasting with rest ofbody. Cirri associated with lateralis channels on face on ventral

surface of disk usually conspicuoulsy darker than body color. Fins about same color as body, often

darker distally; dorsal and caudal sometimes barred or blotched with darker color. In freshest

specimens, skin covering gill bars dark brown with gill rakers white, contrasting strikingly. Perito-

neum light to medium brown.

Distribution.— Recorded here from numerous localities off Mexico and Central and South

America in the eastern Pacific, from the mouth of the Gulf of California to off the southern tip of

Peru. Bathymetric range: the majority from 528-1439 m, but 3 lots from 1815-2323 m, one of these

the lectotype. One lot with little data recorded as being from 100 m. One literature record from off

Arica, Chile, 19°08'09"S, 70°20'02"W, 366 m (Nuiiez, 1967).

Material.— 140 specimens 32.9-149.0 mm SL. Lectotype: MCZ 28710 (129.5 mm SL),

ALBATROSS sta. 3392, 7°05'30"N, 79°40'W, 2323 m.

CAS-SU 25242 (14), ALBATROSS sta 2792, 0°37'S,81°W, 733 m. CAS 39919 (2, 138.8-149.0

mm SL), ANTON BRUUN Cr. 18B, sta. 766, 4°10'S, 81°27'W, 1815-1860 m. CAS 39920 (17,

37.2-81.2 mm SL), ANTON BRUUN Cr. 18B, sta. 754, 7°49'S, 80°38'W, 605-735 m. CAS 39921

(16, 49.4-97.1 mm SL), ANTON BRUUN Cr. I8B, sta. 770, 3°15'S, 80°55'W, 945-960 m. CAS

42708 (46.2 mm SL), ANTON BRUUN Cr. 18B, sta. 755, 7°43'S, 80°43'W, 700-1 1 10 m. CAS-SU

46656 (1 specimen, poor condition), ARCTURUS 61-T-4, 4°56'N, 84°35'W, 914 m. CAS 57853

(94.0 mm SL), TE VEGA Cr. 19, Sta. 144,2°10'S, 81°13'W, 800-1000 m. CAS 57862 (3, 35.2-102.5

mm SL), TE VEGA Cr. 19, Sta. 148, 2°25'S, 8I°10'W, 700-1000 m. CAS 82228 (109.2 mm SL),

IMARPE, 18°17.7'S, 71°1 1.3'W, 600 m. CAS 82229 (135.2 mm SL), IMARPE, 18°10'S, 71°29'W,

610 m. CAS 82230 (94.6 mm SL), IMARPE, 16°29'S, 73°33'W, 1 300 m. CAS 8223 1 (96.2 mm SL),

IMARPE, 16°30.5'S, 73°27.5'W. CAS 82232 (1 15.5 mm SL), IMARPE, 10°51.8'S, 78°30.7'W, 800

m. CAS 82233 (2, 1 17.8-122.8 mm SL), IMARPE, 18°19'S, 71°12'W, 810 m. CAS 82234 (2,

68.2-106.9 mm SL), IMARPE, 7°46'S, 80°3rW, 800 m. CAS 82235 (139.2 mm SL), IMARPE,

17°4rS, 71°42'W, 650 m. CAS 82237 (101.8 mm SL), IMARPE, 100 m, no other data. CAS 82238

(90.5 mm SL), IMARPE, 1 6°30.9'S, 73°26'W, 800 m. CAS 82239 ( 1 35.2 mm SL), IMARPE, 4°59'S,

81°24.5'W, 528 m. CAS 82241 {96.7 mm SL), IMARPE, 3°48.2'S, 81°22'W, 695 m. CAS 82260

(36, 34.5-96.9), ANTON BRUUN Cr. 18B, sta. 754, 7°49'S, 80°38'W, 605-735 m. GCRL (3,

83.3-109.0 mm SL), CANOPUS sta. 1291, 7°13'N, 79°18'W, 805-841 m. LACM 10098 (32.9 mm
SL), ELTANIN sta. 34, 7°47.5'S, 81°23'W, 677 m. LACM 31 124-6 (I specimen, damaged), VEL-

ERO 13770, 21°52'30"N, 106°47'36"W, Middle American Trench. LACM 33699-2 (2, 103.0-129.7

mm SL), VELERO 19128, offCabo Matapalo, Costa Rica, 22 Jun 1 973. MCZ 28709 (101.0 mm SL,

lectotype oi Malthopsis spinulosa Garman) and MCZ 41600 (19, 87.0-97.5 mm SL), ALBATROSS
sta. 3394, 7°2rN, 79°35'W, 935 m. MCZ 28714 (4, 55.0-77.0 mm SL), ALBATROSS sta. 3418,

16°33'N, 99°52'30"W, 1207 m. MCZ 41597 (62.5 mm SL), ALBATROSS sta. 3354, 7°09'45"N,

80°50'W, 589 m. MCZ 41599 (130.5 mm SL), ALBATROSS sta. 3393, 7°I5'N,79°36'W, 1865 m.

SIO 59-265 (4 specimens), 23°40.5'N, I07°38.5-23°37.0'N, 107°51.8'W, 1366-1439 m. USNM
135365 (131.0 mm SL), ALBATROSS sta. 3418, 16°33'N, 99°52'30"W, 1207 m. ZMUC (15,

52.5-134.0 mm SL), GALATHEA sta. 739, 7°22'N, 79°32'W, 938 m.

Dibranchus erinaceus (Garman), 1899

Figs. 10c, 15b

Malthopsis erinacea Garman, 1899:103 (original description, 8 specimens from eastern tropical Pacific);

Bradbury, 1962:3 (lectotype selected, MCZ 28712, from Galapagos Is., 770 m).
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Dibranchus erinaceus, Bradbury. 1967:414 (diagnosis of Dihi-anchiis); Bradbury, et al. 1999 (6 specimens from

Galapagos Is.)-

Diagnosis.— Teeth on vomer and palatines. Subopercular lateral-line count usually 6, preop-

ercular lateral-line count usually 3 (Table 4). Tubercles distributed over entire body, consisting of

moderate sized tubercles interspersed with very small tubercles (Fig. 10c and 15b). Subopercular

spines long.

Description.— Based on 18 specimens 37.0-1 10.0 mm SL. Counts and body proportions

given in Tables 3-5. Skeleton relatively rigid. Rostrum prominent, triangular in shape when viewed

from above, overhanging mouth in small specimens, becoming relatively shorter in large specimens;

when viewed from above, a conspicuous notch present on either side at the base of the rostrum where

the supraorbital lateralis channel on each side passes from the face to the roof of the cranium. Esca

and nasal capsules as in generic description.

Teeth as in generic description. Teeth present on vomer and palatines. Gill rakers as in generic

description; usually 6 gill rakers on each side of second arch.

Tubercles on dorsal surface ofdisk moderate size with relatively short stout spines, fairly uniform

size except as noted below, evenly distributed. Larger tubercles occur in several longitudinal series

along dorsal side of trunk and tail; large tubercles also along edges of disk and sides of tail, these

often with extra spinules that are much smaller than terminal spines. Subopercular spines relatively

long, 6-8 spinelets. Tiny tubercles evenly distributed in skin covering eyeballs. Tubercles of ventral

surface of disk much smaller than those of dorsal surface, closely spaced, evenly distributed.

Principal tubercles of ventral surface of tail (Fig. 10c) moderate size with short spines. In the

intervening space just posterior to the anus is a short series of similar moderate-sized tubercles;

remainder of the intervening space filled by small tubercles both anterior and posterior to anal fin

base.

Paired fins and caudal with sparse tubercles running out on fin rays a short distance.

Dermal cirri usually present along disk margins and sides of tail; not abundant. Cirri in fonn of

fringed flaps associated with neuromasts.

Fins moderate size, pectorals slender, pelvic rays with thickened skin.

Color. Garman (1899:104) stated, "Brownish, with traces indicating a rose color in life; young

individuals blackish; fins blackish." These specimens and most others at my disposal now faded pale.

One specimen, a male, (SIO 90-71) has fins, nasal capsules, and esca blotched with dark pigment;

cirri associated with lateralis channels on face and ventral surface of disk also blackish; lining of gill

cavities dark brown, epithelium of gill bars also dark brown, constrasting sharply with white gill

rakers; peritoneum blotched with dark spots.

Distribution.— Recorded here from only 5 localities in the eastern Pacific, from the vicinities

of Galapagos Is., Cocos I., and Peninsula de Azuero, Panama. Bathymetric range: 700-1 150 m.

Material.— 19 specimens 37.0-1 10.0 mm SL. Lectotype: MCZ 28712 (1 14.0 mm SL) and

lectoparatype MCZ 4 1598 (81.0 mm SL), ALBATROSS sta. 3402, 0°57'30"S, 89°03'30"W, 770 m.

CAS 60476 (8, 37.0-97.0 mm SL), ARCTURUS 74 OT-4, 60 mi. S of Cocos Id., 4°50'N,

87°00'W, 1 143 m. CAS 86503 (3, 83.8-105.2 mm SL), JSL 3977, James Bay, Isla San Salvadore,

914 m, J. E. McCosker and party. CAS 86529 (2, 98.0-105.8 mm SL), JSL 3949, offCabo Rosa, Isla

Isabella, 744 m, J. E. McCosker and party. CAS 86533 (1,105.5 mm SL), JSL 3976, James Bay, Isla

San Salvadore, 914 m, J. E. McCosker and party. MCZ 2871 1 (102.0 mm SL), ALBATROSS sta.

3358, 6°30'N, 81°44'W, 1015 m. SIO 90-71 (1 10.0 mm SL), Galapagos Is., 1°37.73'S, 90°10.7'W,

965-310 m. USNM 135579 (90.0 mm SL), ALBATROSS, 0°29'S, 89°54'30"W, 715 m.



292 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES
Volume 51, No. 5

Dibranchus nudivomer (Garman), 1899

Figs. 5c, d; lOd, 15d

Dihranchichthys nudivomer Garman, 1899:99 (original description, 8 specimens from eastern tropical Pacific,

1271-1335 m); Bradbury, 1962:2 (lectotype selected, MCZ 28719, eastern tropical Pacific, 1271 m).

Dibranchus nudivomer, Bradbury, 1967:414 (diagnosis o^ Dibranchus); Castro-Aguirre and Moncayo-Lopez,

1976:307 (41 specimens from off Sinaloa, Mexico; photograph, osteology, figures).

Diagnosis.— Palatal dentition unique for family: teeth on palatines but none on vomer.

Subopercular lateral-line count usually 6, preopercular lateral-line count usually 2 (Table 4).

Description.— Based on 50 specimens 61.0-102.5 mm SL. Counts and body proportions

given in Tables 3-5. Skeleton somewhat rubbery. Rostrum very short. Skin thin, semi-transparent,

soft. Esca and nasal capsules as in generic description.

Teeth as in generic description. Palatal dentition unique in having pads of teeth on each palatine

bone but none on vomer. Gill rakers as in generic description, relatively short; 6 gill rakers on each

side of second arch.

Tubercles moderately small with short spines, uniform in size, evenly distributed over dorsal

surface of disk and tail. Tubercles on edges of disk slightly larger, their spines sometimes bifid but

short; tubercles of lateral sides of tail also larger, the spines in these stout, relatively long, recurved.

Subopercular spine moderate, 5—6 spinelets. Smaller tubercles evenly distributed over ventral surface

of disk, on pedicels of paired fms, and on skin covering eyeballs.

Ventral surface of tail (Fig. lOd) evenly covered by tubercles, tubercles of principal rows only

slightly larger than intervening ones, their spines retrosely curved.

Caudal with tiny tubercles running out short distance along fin rays, pectorals with only a few

tubercles on dorsal surface at base, other fins devoid of tubercles.

Dermal cirri well developed on disk margins and sides of tail. Cirri associated with neuromasts

formed as fringed flaps.

Fins small, slender.

Color. — Garman (1899) stated that his specimens were brown to black. Material available to

me varied from pale tan to dark tan; in many, cirri associated with the lateralis excavations on face

and disk dark brown. Some specimens with dark pectorals, particularly tips. Linings of gill cavities

pigmented but light colored; peritoneum often medium brown.

DISTRIBUTION.— Present material is from the Gulf of Panama, Gulf of Guayaquil, and from off

Peru. Bathymetric range: 605—1400 m. Reported also from off the Rio Baluarte, Sinaloa, Mexico,

900 m (Castro-Aguirre and Moncayo-Lopes 1976).

Material.— 1 02 specimens 36.5-1 1 2.0 mm SL. Lectotype: MCZ 287 1 9 (94.0 mm SL), and

lectoparatype MCZ 41595 (84.0 mm SL), ALBATROSS sta. 3353, 7°06'15"N, 80°34'W, 1271 m.

CAS 35339 (3, 78.4-1 12.0 mm SL), TE VEGA Cr. 19, Sta. 84, 2°20'S, 81°16'W, 850-1400 m.

CAS 82225 (3 1 , 36.5-1 04.7 mm SL), ANTON BRUUN Cr. 1 8B, Sta. 770, 3°
1 5'S, 80°55'W, 945-960

m. CAS 82261 (59, 47.0-99.1 mm SL), ANTON BRUUN Cr. 18B, sta. 754, 7°49'S, 80°38'W,

605-735 m. MCZ 28718 (5, 61.0-87.5 mm SL), ALBATROSS sta. 3395, 7°30'36"N, 78°39'W, 1335

m. USNM 57867 (75.0 mm SL), ALBATROSS sta. 3395, 7°30'36"N, 78°39'W, 1335 m.

Dibranchus discors Bradbury, McCosker, and Long, 1999

Figs. 7a, 16

Diagnosis.— Teeth present on palatines and vomer. Interorbital and mouth both exceptionally

narrow (Table 5). No tubercles in skin covering eyeballs. No tubercles on ventral surface of disk

except a few near bases of pelvics. Conspicuous chalk-white oval marking on midline of lower jaw.



BRADBURY: DIBHANCHUS REVIEW 293

Figure 16. Dibranchus discors Bradbury, McCosker, and Long., (a) dorsal view, and (b) ventral view of holotype, 80.2 mm
SL, SIO 90-71; (c) frontal-oblique view of paratype, 87.2 mm SL, CAS 47195. Both from the Galapagos Islands.

Description.— Based on 5 specimens 80.2-107.9 mm SL. Counts and body propoilions given

in Tables 3—5. Skeleton relatively firm. Rostrum short, narrow, upturned, about even with jaws, not

overhanging mouth. Esca higher than wide, otherwise not differing from other Dibranchus; ventral

margin with membranous fringe. lUicium of one specimen (CAS 47195) cleared and stained, agrees

with Dibranchus in lacking a long median dorsal process and in having the lateral processes each

with a foramen (Fig. 7a). Olfactory organs in males somewhat larger than in females, the posterior
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nostril slit-shaped, but this dimorphism less pronounced in D. discors than in other Dihrancluis.

Females, as usual, show no swelling of the olfactory organ and have both nostrils small and round.

A unique chalk-white oval patch on midline of chin with surface appearing pitted or sculptured, that

appearance due to the presence lateral line organs and cirri that are all absolutely white but otherwise

normal. The patch does not appear to be a light organ; the skin is tough as elsewhere on the body, not

glandular.

Teeth as in generic description. Teeth present on vomer and palatines. Gill rakers as in generic

description, 5 on each side of second arch.

Tubercles relatively large, widely spaced, each with a short, stout spine, the largest with minute

spinules radiating from the central spine. Tubercles of edge of disk multifid. Prominent tubercles

present in longitudinal rows on dorsal side of trunk and dorsal and lateral sides of tail, and sprinkled

over dorsal surface of disk and pectoral pedicels with intervening skin bare of tubercles. No tubercles

on skin covering eyeballs. Subopercular spines long, thick, covered with rows of minute spinules.

Skin of ventral surface of disk devoid of tubercles except for patch of very small tubercles between

and anterior to pelvics.

Ventral surface of tail with large principal tubercles, their spines moderate, recurved. A few small

tubercles scattered among the bases of the principal tubercles.

Dermal cirri not developed.

Paired fms slender, moderately strong, fm membranes transparent; tips of pectoral rays fleshy.

No tubercles on fins.

Color. In life, dorsal surface light brown with pale tubercles making whitish spots (Bradbury et

al. 1999). Dark margins around anterior nostrils give effect of dark moustache; esca brown, fms pink

except dorsal brown. Brownish saddle over tail beneath dorsal fm. Ventral surface pale except for

chalk-white oval marking on midline of lower jaw which is ringed by black cirri. In preservative,

ALBATROSS specimen (CAS-SU 47195) faded white. Other specimens medium brown dorsally

with pale tubercles making pale spots. Dark margins around anterior nostrils give effect of dark

moustache. A dark saddle on tail beneath dorsal fm, the dark color continuing onto dorsal fm. Ventral

surface pale; pectorals, pelvics, and anal pale. A conspicuous patch on chin colored chalk-white, the

effect intensified by black edging composed of black cirri.

Distribution.— All specimens taken in the Galapagos archipelago.

Etymology.— The name discors means unlike or different, in reference to the aberrant shape

of the head and illicial bone in this Dibranclms.

Material.— Five specimens 80.2-107.9 mm SL. HOLOTYPE: CAS 86502 (107.9 mm SL,

female), JSL 3957, 00°17.5'S, 9r38.9'W, Isla Femandina off Cabo Douglas, 340 m, 16 Nov. 1995,

J. E. McCosker and party. Paratypes: CAS-SU 47195 (87.2 mm SL, female), ALBATROSS sta.

4642, 1°30'30"S, 89°35'W, 549 m, 7 Nov 1904. CAS 86542 (88.2 mm SL, male), JSL 3974, N shore

of Tower Island, 00°2I.6'S, 89°58.3'W, 373 m, J. E. McCosker and party. SIO 90-71 (80.2 mm SL,

female), Galapagos Is., 1 °37.73'S, 90° 1 0.7'W, between 3 1 0-965 m, 1 Feb 1 990. USNM 344535 (84.

1

m SL, male), JSL 3957, 00°17.5'S, 91°38.9'W, Isla Fernandina off Cabo Douglas, 415 m, J. E.

McCosker and party.

Dibranchusjaponicus Amaoka and Toyoshima, 1981

Fig. 19f

Dihranchus japonicus Amaoka and Toyoshima. 1 98 1 : II 5 (original description, holotype and 7 other specimens

from off Iwate Prefecture, Pacific coast of Japan, 1 180-1230 m; photographs); Yamakawa(in Okamuraand
Kitajima, ed. 1984:380 (Pacific coast of Japan, 900-1000 m).
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Diagnosis.— Skull relatively short, the length 24.2 percent of SL (Table 5) compared to 26

percent or more in other Dihranchus. Skin extremely thick and leathery, studded over entire body

with small tubercles; principal tubercles of ventral surface of tail very stout but relatively short (Fig.

9f)- No palatal teeth.

Description.— Based on 1 male specimen 154.5 mm SL and on original description (Amaoka

and Toyoshima 1981). Counts and body proportions given in Tables 3—5. Skeleton firm. Skin very

thick, fairly tough, with tubercles forming a coarse leathery shagreen. Rostrum short and broad. Esca

wider than high, the ventral lobes in this specimen flared out and distended so that each appears

two-parted, but is essentially as in generic description. Nasal capsule with enlarged lamellae within,

and the posterior nostril a gaping slit.

Teeth as in generic description. No palatal teeth. Gill rakers as in generic description; 5 gill rakers

on each side of second arch.

Small tubercles abundantly scattered in the thick skin, forming a coarse leathery shagreen over

entire body including skin covering eyeballs. Large tubercles with strong short spines occur on dorsal

margins of orbits, along disk margins and lateral sides of tail, and sprinkled irregularly on dorsal

surface of disk. These large tubercles have their bases covered with skin bearing small tubercles.

Subopercular spine thick with 4—5 spinelets. Ventral surface of disk covered with the same small

tubercles as seen on dorsal side. No tubercles on fin rays.

Ventral surface of tail with tubercles of principal rows somewhat larger than nearby tubercles

and terminating in strong short spines (Fig. 9f)- A few large tubercles occur between the principal

rows, but the noticeable feature is the thick covering of numerous small tubercles between the

principal rows, encroaching on the bases of the large tubercles as described for the dorsal surface of

the body.

Pectoral and pelvic fins both relatively short, broad, the covering skin extremely fleshy, the

membranes thick.

Color. The specimen agrees with those in original description in its very dark coloration,

including fins, and blackish linings of oral, gill, and peritoneal cavities.

Distribution.— Known from the Japanese archipelago from 620-1270 m (Amaoka and

Toyoshima 1981) and from off eastern Australia, from off Raine Is. (1 1°35'S) and off Sidney to

Shoalhaven (33°50'S-34°55'S), (Paxton et al. 1989:284). A disjunct locality reported here from off

Cape Town, South Africa at 855—900 m.

Material.— lOAN (154.5 mm SL), FIOLENT Cr. 3, trawl 305, 35°26'S, 18°45'E, 855-900

m, 21 Nov 1973.

Dibranchus accinctus new species

Figs. 9c, 17

Possible reference: Dihranchus obscurus, Norman, 1939: 1 13 (3 specimens from Gulf ofAden and Indian Ocean

off Zanzibar, 1022-1789 m; illustration):

Diagnosis.— A large Dibranchus ( 1 75 mm SL) with tubercles covering ventral surface ofdisk.

Ventral surface of tail with principal tubercles occupying entire ventral surface, but with numerous

small tubercles in skin thickly covering bases ofprincipal tubercles (Fig. 9c). Cranium relatively wide,

the width 26.7 percent of SL compared to a range of 16.7—25.6 for the genus (Table 5). No palatal

teeth.

Description.— Counts and body proportions given in Tables 3—5. Skeleton firm. Skin tough,

like coarse shagreen on dorsal surface ofdisk; on ventral side ofdisk, skin somewhat fiabby, especially

on belly. Rostrum short, only slightly overhanging mouth. Esca as in generic description. The single

specimen a female, its nasal capsule small with small round nostrils.



296 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES
Volume 51, No. 5

Figure 17. Dibranchus accinctiis new species, holotype, 175.0 mm SL, CAS 82221. from the western Indian Ocean, (a)

dorsal view, (b) ventral view.

Teeth as in generic description. No palatal teeth. Gill rakers in the form of low pedicels each

capped by a tooth plate bearing a semi-spherical cluster of teeth. 5 gill rakers on each side of second

arch.

Tubercles on dorsal surface of disk grading in size from small on the face, interorbital, and skin

covering eyeballs, and sides of disk to moderate (and variable) in size posteriorly on the disk. Large

tubercles with long spines occur on dorsal margins of orbits, down the midline posteriorly on the disk

and onto the tail, and all around the disk margin, these last with bifid spines. Subopercular spine longer

than other spines ofdisk margin, with 4 spinelets. Ventral surface ofdisk covered with small tubercles.

Ventral surface of tail with tubercles of principle rows large, long-spined and close-set (Fig. 9c).

Small tubercles fairly evenly distributed between and over the bases ofthe large tubercles both anterior

and posterior to the anal fin base.

Paired fins with small, widely spaced tubercles running out in the thick skin of the rays nearly

2/3 the way to the fin tip. Caudal fin with a few tubercles along rays near their bases.

Dermal cirri abundant on face, ventral edges of disk margin, and lateral sides of tail, readily

visible because darkly pigmented; flaplike cirri associated with neuromasts. On dorsal surface ofdisk,

darkly-pigmented cirri associated with neuromasts which in this location are not housed in channels.

Paired fins relatively short, broad, fleshy; fin membranes translucent.
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Color. The specimen has ground color uniform tan. Tubercles efface, interorbital space, and to

some extent the pectoral pedicels and sides of disk, have dark pigment around tips of spines, giving

dorsal surface a dotted pattern. Dorsal fin dark, pectorals and caudal darkly blotched. Cirri dark brown

or black.

Etymology.— The name accinctus means a well-armed Dihranchiis, in reference to its long

tough spines.

Material. ^Holotype: CAS 82221 (175.0 mm SL), ANTON BRUUN Cr. 6, sta. 399C,

21°16'S,38°18'E, 1510-1600 m.

Solocisquama new genus

Type Species.^ Dihranchus stellulatus Gilbert, 1905, is here designated as the type species of

the new genus Solocisquama.

Diagnosis.— Gills 2; holobranchs present on 2nd and 3rd arches only. Upperjaw with a marked

cleft in midline, unique for family. Scales in the form of tubercles, not bucklers, but spines highly

modified (Fig. 18). Tooth patches on fifth ceratobranchial bones relatively small, not meeting, or

barely meeting, in midline, unlike broad tooth patches meeting broadly in midline seen in Dihranchu.s.

Illicial bone (Fig. 7b) with two well-developed laterodorsal processes somewhat resembling those

found in Halicmetus (Bradbury 1967:401); no foramina in lateral processes as seen in Dihranchus.

Tail lateral line commences posterior to anus; unlike Halieiitop.sl.s. no lateral-line organs beside, or

anterior to, anus.

Description.— Disk triangular in outline unless pectoral pedicels collapsed against body,

which gives disk an oval or bell-shaped outline. Subopercular spines short, stout, multifid.

Body depressed but cranium elevated above general surface of disk so that eyes are directed

laterally and anteriorly. Rostrum composed of closely-spaced tubercles fonning a short shelf above

esca; one species, S. stellulata. with a prominent median tubercle larger and longer than those to the

sides. Illicial cavity small, not cavernous as in Coelophiys or some Halieiitopsis. Esca consisting of

a dorsal semi-leaf-shaped lobe with a median furrow which ventrally separates two semi-spherical

ventral lobes (Figs, lb, c; 19). Olfactory organs sexually dimorphic in the one species {S. eiythrina)

with sufficient material to assess: in females, olfactory organs relatively small and containing a few

small lamellae, the nostrils small and round; in males, olfactory organ large, swollen by numerous

enlarged lamellae within, posterior nostril a wide, gaping slit. Status ofsexual dimorphism in olfactory

organ in S. stellulata and S. carinata unknown.

Vertebral count 18, dorsal rays 6-7, pectoral rays 13-16 (Table 6), anal rays always 4, caudal

rays always 9. As in Dihranchus, lateral line interrupted just as it descends from the disk onto the tail.

The lateral-line organs on the disk are too difficult to count, so these were not studied. Tail lateral

line coiTimences on the ventral side of tail just posterior to anus, thence continuing along lateral sides

of tail onto base of caudal fin; tail lateral-line count 6-12 (Table 6). Subopercular lateral-line series

usually 5, range 4—5 (Table 6). The dorsolateral branch of the subopercular series shows no variation

in the specimens at hand, the count always 3. Likewise, the preopercular series does not vary, the

count always 2.

Teeth in oral and gill cavities small and recurved as described for Dihranchus. Teeth in bands

on jaws, visible when mouth closed. No palatal teeth. Patches of teeth on ceratobranchial V small,

not meeting, or barely meeting, in midline. Gill rakers in the form of pedicels capped by tooth plates

(Fig. 5a, b); pedicels relatively long and stout compared to Dihranchus. (Except for gross examination,

this feature in 5. carinata was not studied.)

Dermal cirri appear to be absent in this genus.

Illicial Bone. Illicial bone known for 5". stellulata (Fig.7b) and 5. eiythrina; the two agree in

lacking the median dorsal process seen in the majority of ogcocephalid genera and in having, instead,
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Figure 18. Sketches of tubercles from the dorsal surface of the disk in species of Solocisquaina. (a) 5. slelliilaia, 88.8 mm
SL, ZMMSU P.20352; (b) S.eiythrina, 1 35.5 mm SL, BPBM 29270; (c) S. carimita. 73.2 mm SL, ZMMSU P.20359, holotype.

The tubercles in 5. eiythrina and S. carinata are very different from one another, and each is unique for the family. Multi-spined

tubercles seen in S. stelhilata occur in many species just on the edges of the disk, but 5. stellulata is alone in having them nearly

all over the body.

two long dorsolateral processes, resembling those in Halicmetus (Bradbury 1967:401). They further

agree in lacking foramina in the lateral processes that articulate with the pterygiophore, unlike

Dibranchus. Since S. carinata is known only from the holotype, clearing and staining was not

performed on that specimen, so the nature of its illicial bone is unknown.

Distribution.— From Sala y Gomez Ridge near Easter Island in the eastern Pacific, Hawaiian

archipelago, Philippine Sea, South China Sea, and western Indian Ocean off South Africa.

Etymology.— Solocisquama means bristly or coarsely scaled.

Key to the Species of Solocisquama

la. When disk viewed from the front or side, dorsal surface of disk seen to be thickly covered by tubercles with simple

but relatively long spines (Fig. 19), true even for specimens as small as 37 mm SL S. stellulata

lb. Dorsal surface of disk covered by low tubercles without long spines 2

2a. Tubercles along sides of tail (herein called principle tubercles) each with 2-A long, irregularly sized, somewhat flar-

ing spines (Fig.20c, d) S. eiythrina

2b. Principle tubercles shaped like toothed scutes (Fig. 20a), aligned in keellike series on each side of tail .... 5. carinata

Solocisquama stellulata (Gilbert), 1905

Figs, lb, 18a, 19a, 20b

Dibranchus stellulatits Gilbert, 1905:698 (original description, holotype from Hawaiian Is., 326—369 m);

Bradbury, 1967:414 (diagnosis of Dibranchus); Mochizuki, //; Okamura, Amaoka, and Mitani 1982:361

(Kyushu-Palau Ridge, Japan, 550 m): Bradbury, in Smith and Heemstra, 1986:371 (off Natal, South Africa,

475 m).

Diagnosis.— Tubercles on dorsal surface of disk with simple spines (Fig. 19a), but elsewhere

on body tubercles multi-spined (Fig. 1 8a), these especially prominent on principal tubercles of tail
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Table 6. Frequency distribution for dorsal and pectoral fin ray counts, vertebral counts and subopercular

and tail lateral-line counts in species of Solocisquama.
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Figure 19. Frontal views of species of Solocisqiiama to show contrast between tall single spines on dorsal surface of disk

in S. steUiilata (a) and the low complex tubercles in S. eiylhrina (b) and S. cannata (c). (Note that the esca of the 5. enilirina

is nearly gone; ordinarily it would be the same relative size as in the S. stelliilata specimen.)
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Material.— 7 specimens 37.4^101.6 mm SL. HoLOTYPE: USNM 51595 (47.8 mm SL),

ALBATROSS sta. 4080, off N coast Maui, 326-369 m. BPBM 17941 (76.0 mm SL), Hawaiian Is.,

Molokai Channel, 21 °02'N, 157°32'W. CAS 42709 (37.4 mm SL), TOWNSEND CROMWELL Cr.

33, sta. 34, 20°01 .6'N, 1 56°54.2'W-20°02.7'N, 1 56°53.9'W, 344-356 m. CAS 427 1 (48.9 mm SL),

TOWNSEND CROMWELL 40-92, 21°04'N, 156°29'W, 274^318 m. lOAN (1, 88.8 mm SL),

28°05'N, 134°40'E, 530-900 m. RUSI 14046 (77.8 mm SL), 3°49'S, 40°00'E. ZMMSU
P15841(101.6 mm SL), PROFESSOR MESIATSEVCr. 6, trawl 124, 4°43'S, 110°56'E, 4 00-

430 m.

Solocisquama erythrina (Gilbert), 1905

Figs. lc;5a, b; 18b; 19b; 20c, d

Dihranchus eiythrinus Gilbert, 1905:697 (original description, holotype from Hawaiian Is., 786-872 m);

Bradbury, 1967:414 (diagnosis of Dihranchus).

Diagnosis.— Unique tubercles multi-spined, that is, with numerous spines clustered in center

of each tubercle instead of single spine (Fig. 18b). No large rostral spine as in S. stellulata, nor long

simple spines on dorsal surface of disk; no toothed scutes on tubercles as in S. carinata.

Description.— Based on 6 specimens including holotype, USNM 51642. Counts and body

proportions for the 4 largest specimens plus vertebral counts for all 6 specimens are given in Tables

6 and 7. Skeleton moderately firm. Rostrum short, rounded when viewed from above, slightly

overhanging jaws. Esca with dorsal median lobe and 2 ventral lateral lobes, a strong vertical median

furrow down the dorsal lobe and separating the lateral lobes (Fig. Ic). Lower jaw included in cleft

upper jaw. Nasal capsules exhibit sexual dimorphism: in females, capsule small with round nostrils;

in males, nasal capsules large, swollen because of enlarged lamellae within, with long vertical slitlike

posterior nostril.

Teeth as in generic description. Each ceratobranchial V with a relatively small leaf-shaped patch

of teeth, these patches set at 90° to one another so ensemble resembles a pair of wings in outline. (In

the original description, Gilbert recorded "tongue edentulous," but this is an error.) No palatal teeth.

Gill rakers finger-shaped with relatively long pedicels, each with distal tooth plate bearing cluster of

tiny teeth. Second gill arch with 6 or 7 gill rakers on each side.

Skin thickly covered with tubercles. Tubercles unique; rather than each with a single central spine

as generally seen in this family, there are 2-6 or more spines clustered (conjoined) in center of each

tubercle (= multi-spined). In holotype and one other large specimen (BPBM 29270), each shows a

variety of sizes of tubercles: large tubercles in several longitudinal rows on dorsal surface of trunk

and fairly evenly distributed over rest ofdorsal surface ofbody ; much smaller tubercles fill intervening

spaces; largest tubercles of all, with relatively stronger, longer spines, occur along sides of disk and

tail, those of face modified somewhat to form toothed ridges over lips and excavations of the lateralis

system. Small specimens have many fewer tubercles, these about uniform in size; presumably these

increase in number and differentiate with growth. Skin covering eyeballs densely set with small

tubercles. Subopercular spines long in small specimens, but relatively short and far less prominent in

large specimens. Ventral surface of disk densely covered with small tubercles.

Ventral surface of tail, in small as well as large specimens, covered with multi-spined tubercles,

small and close-set except for principal tubercles, which are relatively large with long prominent

spines (Fig. 20c, d)

No dermal cirri.

Paired and caudal fins with tubercles at their bases; in largest specimens, tubercles occur along

proximal half of fin rays. Dorsal fin rays with a few tubercles, none on anal fin.
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Paired fins relatively long and broad, paddle-shaped, tips of pectoral rays fleshy, skin of pelvics

thick, somewhat puffy.

Color. Gilbert ( 1 905:698) described the holotype as "light carmine-red" with the ventral surface

"suffused with purple" and the fins deeper red. He found the lining of the gill cavities and peritoneum

both "blackish." In preserved specimens, body and fins completely pigmentless. Lining of gill

cavities, buccal cavity, pale; peritoneum black or brown or pale with black spots.

Material.— 6 specimens 28.0-1 35.5 mm SL, all from Hawaiian Is. Holotype: USNM 5 1 642

(133.5 mm SL), ALBATROSS sta. 3985, vicinity of Kauai, 78^872 m. BPBM 24729 (3, 26.1-65.7

mm SL), TOWNSEND CROMWELL Cr. 59, sta. 20, 2 1 °09'N, 1 56° 1 1 'W, 1 00-800 m. BPBM 29270

(135.5 mm SL), offN shore of Kauai, 622 m. CAS 42707 (74.4 mm SL), TOWNSEND CROMWELL
Cr. 61, sta. 66, 21°0r-05.7'N, 156°08.^10.2'W, 786 m.

Solocisquama carinata new species

Figs. 18c, 19c, 20a, 21

Dihranchus sp. nova Bradbury; Parin 1990: 18 (Sala y Gomez Ridge).

Diagnosis.— Tubercles unique in family, low, without spines, having only 3 or 4 facets, the

ridges between facet surfaces drawn out into scutes, each scute bordered by a comb of fine teeth (Figs.

1 8c, 20a). Disk margin short, 35% of SL (40% in S. eiythrina and S. steUulata of equal size or larger).

Description.— Based on holotype, 73.2 mm SL. Counts and body proportions given in Tables

6 and 7. Skeleton rigid, integument relatively tough. Rostrum very short, only slightly overhanging

mouth, slightly upturned. Upper jaw with median cleft. Esca relatively wide, leaf-shaped median

dorsal lobe very short, two ventral lobes subspherical. This specimen a female with small nasal

capsules and nasal openings.

Teeth in bands on jaws; teeth visible on upper jaw when jaws closed; small oval pad of teeth

anteriorly placed on each ceratobranchial V, pads widely separated at midline. No palatal teeth. Gill

rakers finger-shaped, 7 on each side of second arch, pedicles relatively long as in S. efythrina, distal

end of each with tooth plate bearing cluster of tiny teeth.

Strong, extraordinarily shaped tubercles everywhere over body except fins, each with only 3 or

4 facets, the ridge between facet surfaces drawn out into scutes, each scute bordered with comb of

fine teeth. Tubercles ofdorsal surface ofdisk fairly uniform in size, evenly spaced; tubercles ofventral

surface ofdisk smaller but uniform size, widely spaced. Tubercles on skin ofeyeballs arranged around

iris in concentric rows. Subopercular spines prominent although relatively short. Scutes of tubercles

on edges of disk and sides of tail forming keeled edges for excavations housing lateralis organs.

Ventral surface of tail (Fig. 20a) covered with close-set tubercles uniform in size. Principal

tubercles somewhat enlarged, aligned so carinated scutes form strong keels.

No dermal cirri.

Paired fins relatively large, strong, paddle-shaped, pelvics with skin thickened and puffy,

membranes not emarginate, ray tips not free. Fin membranes translucent.

Color. Specimen totally devoid of pigment externally and in gill cavity; peritoneum with black

splotches.

Etymology.— The specific name carinata is a Latin adjective meaning keeled, in reference to

the alignment of tubercles forming keels along the disk edge and sides of tail.

MATERIAL.— Holotype: ZMMSU P.20359 (female 73.2 mm SL), Sala y Gomez Ridge,

25°08.2'S, 99°25'W, 750-800 m, PROFESSOR SHTOKMAN sta. 1996, bottom otter-trawl, 5 May
1987.
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Figure 21. Solocisquama carinata new species, holotype. 73.2 mm SL, ZMMSU P.20359, from Sala y Gomez Ridge, (a)

dorsal view; (b) ventral view.

Discussion

The majority of species ofDibranchus reside in the eastern Pacific Ocean, a peculiar distribution

for ogcocephalid genera and uncommon in other fish groups. I adduce the argument that Dihranchus

evolved in the eastern Pacific and offer the following justifications.

Relationships Within the Family. In a survey of the cranium and illicium of many species of

Ogcocephalidae, Bradbury (1967:401 , 405) implicitly identified in the Indo-Pacific genus Halieiitop-

sis two characters plesiomorphic for the family. First, the frontal bones on the dorsal surface of the

cranium were found to be relatively flat and scalelike, not modified to form a groove for the illicium

(as seen in Dihranchus, Halieutoea, Halieutichthys. and Halicmetus) or a tube housing the illicium

(as seen in the remaining genera Malthopsis, Zalieutes, and Ogcocephalus) . Second, the illicial bone

was found to be spinelike and relatively simple, not perforated, thickened and rounded, pitted, or split

as seen in other genera (conditions which, in fact, constituted autapomorphies defining these other

genera). Only one genus, Coelophiys, another Indo-Pacific genus, was omitted from the survey

because no material had been available for clearing and staining.

Subsequently, I examined a cleared and stained specimen of Coeloplvys brevicaudata, BSKU
26847. It resembles Halieutopsis. The frontal bones of the cranium, although poorly ossified, show

no deformation to form a groove, and the illicial bone is elongate, slender, and sub-spinelike, not

perforated or split or thickened and rounded. If C. brevicaudata is representative ofthe genus, perhaps
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future work will indicate that Coelophys and Halieutopsis ought to be combined in a single genus.

Meanwhile, it is fair to consider that the Coelophys/Halieutopsis complex is the closest to an ancestral

ogcocephalid that we have, because it is difficult to think that it can be derived from taxa with grooved

or tube-bearing skulls. Coeloplvys and Halieutopsis micropa differ markedly from other ogco-

cephalids in having globose or sub-globose bodies, and they, plus several other species oiHalieutop-

sis, have markedly loose skin with subdermal gelatinous layers. I take the view (below) that these are

plesiomorphic characters within the Ogcocephalidae.

In two comprehensive papers, which were landmarks for lophiiform systematics, Pietsch ( 1981

,

1994) presented two different hypotheses for sister-group relationships of the Ogcocephalidae. The

earlier hypothesis ( 1 98 1 ) proposed that Chaunacidae and Ogcocephalidae were sister-groups, but this

was superceded (1994) by the hypothesis that the sister-group of Ogcocephalidae is the suborder

Ceratioidei (with Chaunacidae the sister-group ofcombined Ceratioidei and Ogcocephalidae; see the

Pietsch papers for discussion). In either case, the implicated taxa are pelagic forms with (usually)

globose or sub-globose bodies and, in the main, soft loose skin, sometimes with subdermal gelatinous

tissue. When scales occur in the skin, they are small, simple tubercles occurring over the entire body,

little or not at all differentiated on different parts of the body. Coelophrys and Halieutopsis micropa

appear to be benthopelagic and have globose or sub-globose bodies, soft loose skin, subdermal

gelatinous tissue and simple, undifferentiated tubercles completely covering the body. The pelagic

postlarval stages now known among ogcocephalids are all globose with loose skin, extensive

subdermal gelatinous tissue and (usually) simple, small tubercles covering the body. It is worth

considering that these are plesiomorphies for the family, that pelagic life is the ancestral condition

for the Ogcocephalidae, and that Coelophys and similar species of Halieutopsis are paedomorphic.

Forms with benthic adults would, then, all be derived. These would include all the genera with frontal

bones forming a groove or tube, that is, all other known genera of Ogcocephalidae.

There is one more point of interest having to do with the condition of the lateral line canals and

neuromasts. Pelagic forms like Coelophys have excavations in the skin which may be interpreted to

be open lateralis canals. Lying within the canals are large prominent free neuromasts, a condition

common in bathypelagics. All other species of ogcocephalids have versions of this condition even

though they are benthic forms, some of which live as far inshore as to be nearly subtidal. In benthic

deepwater forms like Halieutopsis and Dibranchus, the free neuromasts on the ventral surface of the

disk and lateral sides of the tail still lie in canals, but are sheltered by modified scales and cirri, the

cirri sometimes in thick mats. On the dorsal surface of the bodies in these forms, the neuromasts are

reduced in size and nestled in and among specialized scales, for the open canals have disappeared. In

forms like Ogcocephalus and Malthopsis, found at continental shelfdepths where, presumably, waters

are more turbulent, all canals are lost, but the neuromasts remainfree on the body surface, where they

are greatly reduced in size but still protected by specialized scales and cirri and situated in depressions

among strongly calcified bucklers. The loss ofcanals and tiny size ofneuromasts are derived character

states, modifications for benthic life. The open lateralis canals and large free neuromasts as seen in

Coeloplvys are characters suited to pelagic life, the hypothesized ancestral condition for ogco-

cephalids.

Of the genera with frontal bones forming a groove, Dibranchus is probably the one closest to

Coelophys/Halieutopsis. I have found two synapomorphies. One is the reduction of gills to 2. The

other is the peculiarity of the lateral line such that the lateral line is interrupted just where it passes

from the disk to the tail and the anterior part of the tail lateral line runs instead onto the ventral surface

of the tail towards, or in advance of, the anus. Halicmetus shares these characters, but has been very

poorly studied; it is set apart by having scales in the form of bucklers, an apomorphy it shares with

all the genera with a cranial tube for the illicium. That is, Dibranchus is probably more closely related

to Halieutopsis than to Halicmetus.
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Relationships Within the Genus Dibranchus. Most species of Dihranchus have tubercles

showing derived character states including enlargement of some tubercles with loss of others, strong

differentiation on different body parts, tubercles ankylosed to underlying skeletal parts, patterns of

spinules overlaying tubercles, small tubercles overlaying the bases of large tubercles, and so on. The

majority ofdibranchids also have lost the palatal teeth, and most show loss in one or another ofmeristic

characters. The two Atlantic species and the three Indo-Westem Pacific species have all lost the palatal

teeth and show other apomorphies, as follows. Dibranchus atlanticus has a radiating pattern of

spinules on the tubercles and has a reduced number of vertebrae, 18 instead of 19. Dibranchus

fremendus, D. hvstrix. and D. accinctus all have tubercles very reduced in number, with many

remaining tubercles greatly enlarged and bearing enormous spines, especially on the tail. These three

species also have lost one neuromast from the subopercular series. Finally, D. Japonicus, although

retaining simple tubercles all over the body, where they are relatively undifferentiated on different

parts of the body, has peculiar leathery skin, an autapomorphy.

All dibranchids that retain palatal teeth are eastern Pacific species: D. spinosus, D. sparsus, D.

erinaceus. and D. discors, but D. discors is removed from candidacy for being most like an ancestral

Dibranchus by these derived characters: loss of tubercles from portions of the body and minute

spinules on large tubercles. Also, its laterally compressed illicial bone, narrow mouth and interorbital,

and large eye, all unique for Dibranchus. make D. discors a highly derived Dibranchus.

Of the remaining three species with palatal teeth, the widespread D. spinosus has small simple

tubercles without giant spines, evenly distributed over the body, without much differentiation on

different parts of the body, in skin that is relatively somewhat soft and loose. It may be the closest we

have to an ancestral Dibranchus. The other two species, D. sparsa and D. erinaceus, are very similar

to D. spinosus, but D. sparsa has lost one neuromast from the preopercular lateral line series, and D.

erinaceus has moderately enlarged tubercles interspersed in a regular pattern among small simple

tubercles.

All these observations and guesses taken together suggest that Dibranchus.. while descended from

Indo-Pacific forms, first radiated in the eastern Pacific, with descendants of that radiation populating

the Atlantic, western Pacific, and Indian Oceans.

Relationships of the Genus Solocisquama. With ogcocephalids still so poorly known, hypothe-

ses about relationships, of course, await revision, especially in the case of Solocisquama. Characters

so far known suggest two different hypotheses. One is that Halicmetus is the primitive sister-group

of Solocisquama. One suspected synapomorphy is the conformation of the illicial bone, with two

dorsolateral processes replacing (derived from?) the median dorsal process. The two genera share two

other derived characters, an interrupted lateral line with one neuromast on the ventral surface of the

tail on each side, near the anus, and loss of palatal teeth. However, these latter two characters are also

shared with Dibranchus. If Solocisquama instead shares a common ancestor with Dibranchus, it

would mean that an eastern Pacific genus has given rise to a distinctive eastern Pacific genus.
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APPENDIX

Specimens Used for Scanning Electron Micrography of Gill Rakers, Premaxillae, and

Tubercles. Dibranchus atlanticus, 131.5 mm SL, CAS 76452; the following all from CAS 76446:

39.5 mm SL, 72.5 mm SL, 81.0 mm SL. Dibranchus erinaceus, 94.0 mm SL, CAS-SU 60476.

Dibranchus hystrix. 82.0 mm SL, CAS 82242. Dibranchus nudivomer, 83.5 mm SL, CAS 82261.

Dibranchus sparsus, 75 mm SL, CAS 82227. Dibranchus spinosus, 139.0 mm SL, ZMUC
GALATHEA sta. 739; 140.0 mm SL, CAS 82235. Dibranchus spongiosus, 71.0 mm SL and 1 15.0

mm SL, both CAS 82252. Dibranchus tremendus, 158.0 mm SL, USNM 320332. Solocisquama

eiythrina. 135.0 mm SL, BPBM 29270.

Specimens Used for Clearing/Staining. Dibranchus cracens, 128.3 mm SL, CAS 88034

(illicium). Dibranchus discors, 87.2 mm SL, CAS-SU 47195 (illicium). Dibranchus erinaceus, 94.0

mm SL, CAS-SU 60476 (gill arch). Dibranchus hystrix, 82.0 mm SL, CAS 82242 (gill arch).

Dibranchus nudivomer, 82.3 mm SL, CAS 82261 (entire). Dibranchus spongiosus, 1 15.0 mm SL,

CAS 82252 (entire). Dibranchus tremendus, 96.5 mm SL, UF 25923 (illicium). Solocisquama

eiythrina, 135.0 mm SL, BPBM 29270 (gill arch), and 65.7 mm SL, BPBM 24729 (illicium).

Solocisquama stellulata, 16.0 mm SU BPBM 17941 (illicum), and 101.6 mm SL,ZMMSU P. 15841

(gill arch). Coelophiys brevicaudata, BSKU 26847 (entire).
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Variation in populations of Thamnophis atratus, south of the range of T. a. hydrophilus,

was examined through multivariate analysis of nineteen characters among seven geo-

graphic units. A phylogenetic analysis of five population groups was performed using 24

characters, resulting in a single, most parsimonious tree. Variation in scalation, color

pattern, tooth counts, and head morphology suggested the presence of two taxa south of

the range of T. a. hydrophilus: t\ pical T. a. atratus was restricted to California's Santa Cruz

Mountains, while other central California Coast Range populations were described as a

new subspecies. Thamnophis a. aquaticus was found to represent populations intermediate

between T. a. atratus and T. a. hydrophilus, and is synonymized as a representative of an

intergrading, non-diagnosable population. Ecological observations found differences in

habitat use and seasonal activity between coastal and inland populations. A biogeographi-

cal model was proposed for the derivation of the subspecies, and a new subspecies, T a.

zaxanthus, is defined.

Resolution of garter snake {Thamnophis) systematics in western North America has proven to

be a complicated process that is incomplete. Thamnophis atratus is a polymorphic species ranging

from southwestern Oregon to the coast ofcentral California (Rossman et al. 1 996). Several systematic

problems are unresolved within Thamnophis atratus, including interpretation of clinal variation

within the species, status of Thamnophis atratus aquaticus (Rossman and Stewart 1987), and

taxonomic identity ofthe inland, three-striped morph of T. a. atratus (Fox 1 95 1 ). Fox ( 1 95 1 ) analyzed

variation within the species and defined three subspecies based on north-south character shifts. He

included all three taxa within Fitch's (\940) hydrophilus group (= aquatic morph; Thamnophis couchii

complex ofRossman and Stewart 1987 [T. couchii, T. hammondii, T. gigas, T. atratus}). Fitch (1940)

characterized the aquatic morph, including T. a. hydrophilus, as having reduced or indistinct striping,

an obscure, spotted pattern, subdued colors, an elongate, pointed muzzle, reduced size of posterior

supralabials reflecting reduced salivary glands, relatively large eye, small pupil, and pale iris. In

contrast. Fitch's (1940) elegans and ordlnoides groups (= terrestrial morph; T. elegans. T. ordinoides,

T. a. atratus) were characterized by bold striping on a black background, bright yellow throat and

dorsal stripes, relatively blunt muzzle, increased height of posterior supralabials, relatively small eye,

large pupil, and dark iris. Thamnophis a. atratus has been thought to exhibit some characters

convergent with the terrestrial morph (Fox 1951; Bellemin and Stewart 1 977). A third subspecies,

T. a. aquaticus (Fox 1951), occurs between T. a. atratus and T a. hydrophilus immediately north of

San Francisco Bay, and displays characteristics intermediate between the other two subspecies. Fox

(1951) reported intergrades between adjoining subspecies. Rossman and Stewart (1987) considered
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T. a. aquaticus to be weakly differentiated morphologically from T. a. hydrophilus, and molecular

studies by Lawson and Dessauer (1979) reflected this conclusion.

Variation is exhibited within each subspecies of Thamnophis atratus. Fitch (1940), Fox (1951)

and Rossman (1979) detailed variation within T. a. hvdrophilus, and Rossman and Stewart (1987)

provided details for T. a. hvdrophilus and T. a. aquaticus. Rossman (1979) and Rossman and Stewart

(1987) showed that T. a. hvdrophilus is polymorphic with respect to color pattern, having distinctly

spotted and striped snakes occurring through much of the range. Fox (1951) detailed variation in T.

a. atratus and found it to comprise two morphs: "blue-black," single-striped snakes on the San

Francisco Peninsula, and three-striped snakes inland and from coastal Monterey County. He found

this variation "difficult to explain," and did not define the two color morphs as subspecies. I observed

that these two color morphs exist on either side ofthe Santa Clara Valley, with intermediates occurring

at the southern end of the Santa Cruz Mountains. This observation prompted me to conduct a

multivariate analysis of morphological variation in T. a. atratus and T. a. aquaticus to determine

whether or not the current delineation of these subspecies is accurate. I tested the hypothesis that

variation within T. atratus reflects a partial shift from an aquatic to a terrestrial morphotype, using

sympatric Thamnophis elegans as the model for the terrestrial morph. Analyses of variation in T. a.

hvdrophilus (Fitch 1940; Fox 1951; Rossman and Stewart 1987) precludes the necessity of reevalu-

ating northern populations of T. atratus.

Materials and Methods

A total of 1054 snakes, both live (including field observations) and preserved, was examined

from the southern half of the distribution of Thamnophis atratus (south of Mendocino, Lake, and

Colusa counties, California). Specimens were examined in the collections of the California Academy
of Sciences (CAS, CAS-SU), California Polytechnic State University, San Luis Obispo (CPS),

Louisiana State University Museum of Natural Science (LSUMZ), Museum of Vertebrate Zoology

(MVZ), San Jose State University (SJSU), University of California, Santa Barbara (UCSB), and

National Museum of Natural History (USNM; see Appendix A and B). From 1969 through 1994, 506

T. atratus were observed in the field. Coloration, pattern, and ecological notes were recorded for each,

and all but 63 snakes were released. Four gravid females, were kept alive until parturition. These,

their offspring, and the other retained snakes were preserved and deposited in SJSU or CAS.
Only snakes over 350 mm SVL, the approximate minimum adult snout-vent length (Rossman

1979), were used for the multivariate analysis to assure that ontogenetic growth of cephalic features

had approached the asymptote. Gape length was measured to the nearest 0. 1 mm. Counts were made
of ventrals, subcaudals, preoculars, postoculars, supralabials, infralabials, and temporals. Anterior

scale rows were counted at the tenth ventral scale posterior to the chin shields. Midbody scale rows

were counted halfway between occiput and vent. Posterior scale rows were counted at the antepenul-

timate ventral.

Vertebral stripe width was measured in number of scale rows covered at the widest part of the

nuchal area (anterior stripe width), and at a point about one-third the distance from snout to vent

(midbody stripe width). A ranked value (stripe value) was derived from relative visible intensity of

the lateral stripe, if present, and intensity of ventral dark pigment. Because these characters were

correlated, only the single ranking was necessary. Dark snakes with only a vertebral stripe were given

the lowest value of 1 (Fig. 10, while three-striped snakes with pale labials and venter received the

highest value, 5 (Fig. 1 d, h ). Color patterns shown in Fig. 1 e and 1 g were ranked 2 and 4, respectively.

Clinal trends in cephalic proportions were compared through the following six ratios: antepenul-

timate supralabial width/height (to eliminate contour curvature of the supralabials, the stratum

comeum was removed and measured on a flat surface); intemasal median suture length/combined

internasal posterior width; left intemasal-rostral contact/combined nasal-rostral contact (after Fitch
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1940); anterior chin shield length/posterior chin shield length (greatest length of each shield); eye

diameter/gape length; interocular width/gape length. A seventh ratio compares tail length to total

length.

Specimens of T. atratus examined from Lake and Colusa counties, and north ofthe Gualala River,

Sonoma County, were referrable to T. a. hydrophilus as defined by Fox (1951) and Rossman and

Stewart ( 1 987), and detennined the northern limit ofthe area considered in the present paper. Southern

Thamnophis atratus populations were divided into seven geographic samples for geographic analysis

(Fig. 2). Five areas were selected because they were isolated from each other due to the presence of

San Francisco Bay or naturally uninhabited valleys (Sonoma, Santa Clara, and Salinas). Two

additional areas (C and E) are annectant to Area D, but were considered separately due to a priori

recognition of intermediate or sympatric color pattern morphs in those regions. Hartley's Fmax test

was used to insure homogeneity of variances for each population and each character. Area A includes

all of Marin County, and Sonoma County west of the Russian River and Sonoma Valley. Area B

includes the Coast Range of Napa and western Solano counties. Area C includes the San Francisco

Peninsula north of Half Moon Bay and San Andreas Reservoir. Area D includes southern and central

San Mateo County and the Santa Cruz Mountains south to the San Lorenzo River and Guadalupe

Creek watersheds. Area E includes the southeastern fiank of the Santa Cruz Mountains north to the

Alamitos Creek watershed. Area F includes the Diablo Range. Area G includes the Santa Lucia and

San Rafael mountains from Monterey to Santa Barbara counties. Areas A and B are currently referable

to T. a. aquaticus, and Areas C-G to T. a. atratus.

The morphological data were tested for concordance with geographical distribution. A multivari-

ate analysis was performed with the SYSTAT Discriminant Function program (Wilkinson 1 988). One

hundred-eighteen adult males and 1 15 adult females were utilized for the MANOVA. Character

correlation was determined by Pearson correlation matrix using SYSTAT. The BIOSTAT t-test

application (Pimentel and Smith 1986) was used to determine significance of sexual dimorphism for

each character. Additional morphological analyses were performed with STATVIEW 11 (Feldman et

al. 1986).

Phylogenetic relationships of populations in areas were evaluated with the branch-and-bound

option of PAUP version 3.1 (Swofford 1993), using ACCTRAN optimizadon. Thamnophis a.

hydrophilus was used as the outgroup because it is the sister taxon to southern populations of T. atratus

(Lawson and Dessauer 1979). The use of phylogenetic trees is applicable because I believe southern

populations of T. atratus evolved in a hierarchical fashion (see Biogeography). However, Areas C

and E were left out of the phylogenetic analysis because they proved to be intermediate or mixed

populations that would not conform to terminal taxa in a phylogeny. To enhance phylogenetic tree

resolution several additional characters were used, including maxillary tooth count and the following

ratios: pupil diameter/eye diameter, posterior frontal width/anterior frontal width, ventral margin

length of sixth supralabial/length of seventh supralabial, combined intemasal and prefrontal median

suture length/frontal length, frontal length/parietal length, dorsal/ventral length of loreal, and prefron-

tal median suture length/intemasal median suture length. Two ranked characters were also examined:

ground color, ranked from medium gray or brown (= 3) to black (= 5), and, the projected angle formed

by the suture between the sixth and seventh SL (1 = through eye, 2 = to posterior margin of eye, 3 =

to posterior margin of postoculars, 4 = roughly vertical). Character means are provided in Table 1.

These data were obtained from specimens in the LSUMZ collection (Appendix B), and from data in

Rossman and Stewart (1987). Character states were ordered on a scale in proportion to the magnitude

of difference between character means (Thiele 1993): the smallest observed distance between any

pair of means was given a distance of one, and all other pairwise distances were coded relative to the

smallest distance. This method preserves evolutionary information from continuous variables, and

was analyzed using the step matrix procedure in PAUP.
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Table 1. Character means for Thamnophis elegans and six population groups of T. atratus used for

phylogenetic analyses. Abbreviations: ACS/PCS, anterior/posterior chin shield length; ASR, anterior scale

rows; ED, eye diameter; FL, frontal length; GL, gape length; INL, intemasal median suture length; INR,

intemasal-rostral contact length; lOW, interorbital width; LDL/VL. loreal dorsal/ventral lengths; M/F SVL,

male/female snout-vent length ratio; ML, muzzle length; MVSW, midbody vertebral stripe width; NR,

nasal-rostral contact length; PD, pupil diameter; PFW/AFW, posterior/anterior frontal width; PL, parietal

length; PrF, prefrontal median suture length; PSR, posterior scale rows; SC, subcaudals; SL6/SL7. ventral

lengths of supralabial 6/supralabial 7; SLW/H, sixth supralabial width/height; STR. stripe value; SVL,

snout-vent length; TL; tail length; TTL, total length; V, ventrals.
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Table 2. Student's t-test results for sexual dimorphism in Thamnophis atratus from area D (Santa

Cruz Mountains region); data presented are means, standard deviations and sample sizes.

Character
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Table 3. Summary of basic statistics (mean, standard deviation, range) for male and female Thamnophis ainiiiis:

abbreviations as in Table I

.

Area N SVL V SC ASR MSR I'SR G ED lOW AVSW

A 16 380.3±27.5 157.114.0 83.8±4.1 19.0±0.0 19.010.0 15.410.8 14.811.1 2.7 10.2 5.9 10.2 3.210.6

(350-430) (149-164) (76-93) (19) (19) (15-17) (13.0-16.8) (2.2-3.1) (5.5-6.4) (2.1-4.3)

B 14 407.4125.3 161.113.8 82.713.6 19.6 + 0.9 19.010.0 16.111.0 15.811.2 3.010.2 6.110.4 2.910.4

(355-462) (156-168) (75-88) (19-21) (19) (15-17) (13.9-18.7) (2.6-3.4) (5.5-7.0) (1.9-3.3)

C 15 406.7125.1 150.914.0 77.214.0 19.3 10.7 18.510.9 15.010.0 15.911.2 2.9 10.2 6.3 10.4 3.710.9

(365-450) (144-158) (71-84) (19-21) (17-19) (15) (13.8-17.8) (2.5-3.4) (5.4-6.7) (2.8-6.4)

D 32 392.7130.2 153.412.9 79.415.0 19.210.5 18.111.0 14.9 + 0.4 15.611.3 2.910.2 6.110.4 3.810.8

(350-457) (146-159) (67-89) (19-21) (17-19) (13-15) (12.8-16.0) (2.6-3.5) (5.5-7.0) (2.9-6.5)

E 8 412.6127.6 157.413.2 79.014.2 19.510.9 18.011.1 15.0 + 0.0 16.611.1 3.210.3 6.510.5 3.810.8

(370-452) (153-162) (73-88) (19-21) (17-19) (15) (15.0-18.0) (2.7-3.6) (5,6-7.0) (3.0-5.0)

F 21 415.3141.7 159.514.9 80.614.9 19.4 10.8 18.510.9 15.410.8 16.011.2 3.010.3 6.210.6 3.610.6

(354-514) (149-168) (68-89) (19-21) (17-19) (15-17) (13.9-18.7) (2.5-3.8) (5.1-7.2) (2.8-5.0)

G 12 400.0132.0 153.313.6 75.5 14.6 19.2 10.8 18.810.6 15.510.9 16.511.1 3.110.2 6.610.4 2.810.6

(350-461) v--^9-161) (65-82) (19-21) (17-19) (15-17) (14.8-18.5) (2.8-3.4) (6.1-7.6) (1.5-3.5)

A 12 394.5138.6 148.813.9 74.712.0 19.3 10.8 18.810.6 15.811.0 16.411.5 2.8 10.3 6.210.5 3.310.7

(356-479) (144-156) (71-78) (19-21) (17-19) (15-17) (14.8-19.0) (2.5-3.4) (5.2-7.1) (2.2-4.7)

D 10 493.9175.2 154.612.3 76.112.2 19.4 10.8 19.010.0 16.0 11.1 20.213.2 3.510.4 7.111.0 3.110.7

(385-609) (152-159) (74-79) (19-21) (19) (15-17) (15.2-25.0) (3.0-4.3) (5.7-8.5) (2.1-4.6)

C 15 442.7141.7 147.113.6 70.113.1 19.110.5 18.311.0 15.510.9 18.511.8 3.110.3 6.8 10.5 3.510.8

(366-525) (141-151) (65-75) (19-21) (17-19) (15-17) (15.1-21.5) (2.6-3.8) (6.1-7.9) (2.0-4.6)

D 32 445.9169.1 147.113.3 70.813.1 19.210.7 18.211.0 15.1+0.5 18.112.6 3.310.4 6.7 10.8 4.111.0

(351-582) (141-155) (64-79) (18-21) (17-19) (15-17) (14.2-23.3) (2.6-4.2) (5.1-8.2) (2.7-6.3)

E 3 485.7161.9 147.011.7 70.3 13.8 21.010.0 17.711.2 15.010.0 18.911.7 3.3 + 0.4 7.3 10.7 3.710.6

(417-537) (146-149) (66-73) (21) (17-19) (15) (16.9-19.9) (2.9-3.7) (6.5-7.9) (3.1-4.2)

P 31 471.5180.2 154.315.34 73.614.1 19.5 10.9 18.6 + 0.8 15.3 + 0.8 18.7 + 2.7 3.3 + 0.4 6.9 10.8 3.510.5

(359-701) (142-167) (66-83) (19-21) (17-19) (15-17) (15.0-24.4) (2.5-4.1) (5.5-8.7) (2.9-4.9)

G 12 463.5168.7 147.614.1 69.813.0 19.310.8 18.7 + 0.8 15.811.0 19.4 + 2.3 3.3 + 0.3 7.4 + 0.8 3.010.4

(368-627) (140-156) (63-74) (19-21) (17-19) (15-17) (15.8-23.0) (2.8-3.8) (6.0-8.5) (2.3-3.6)
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Table 3. Summary of basic statistics (mean, standard deviation, range) for male and female TImmnophis atratus

(continued).

MVSW STR Rl \U R3 R4 R5 R6 R7

1.9 ±0.5
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600-1 / Phylogeny.— The phylogenetic

analysis compared areas A, B, D, F and G
using T. a. hydrophilus (Shasta County

populations) as an outgroup. The parsi-

mony analysis resulted in a single shortest

tree of length = 103, CI = 0.848 (Fig. 5 ).

Southern populations of T. atratus formed

two main branches leading to areas A and

D, and to a clade containing areas (G (B,

F)). Character support and values for

branches are provided in Appendix C. The

following characters were homoplasious:

relative 6th SL height, intemasal-rostral

contact, relative tail length, posterior/ante-

rior frontal width, ventral width of 6th/7th

supralabial, and ground color.

Test of Convergence.— The non-

convergence tree (minus T. e. terresths)

was best supported (length = 41, CI =

0.800), while the convergence hypothesis

tree (minus T. a. hydrophilus) obtained

only modest support (length = 43, CI = 0.571). The non-convergence phylogeny supported the T. a.

atratus-T. a. hydrophilus sister-taxa relationship by relative intemasal width, pupil diameter and tail

length, and male/female snout-vent length. The convergence phylogeny supported a T. elegans-T. a.

atratus relationship by relative interocular width, stripe value, and ground color. Character conver-

gence between southern Thamnophis atratus and T. elegans appears to be based only on color pattern,

a shorter muzzle and greater relative interocular width as compared to T. a. hydrophilus.

Discussion

100 200 300 400 500 600 700

Snout-vent Length FEMALES -- MM

Figure 3. Relationship of male vs. female snout-vent length for

Thamnophis atratus. Individual male and female SVL are contrasted

in decreasing order of SVL beginning with largest male and female;

diagonal line represents a 1:1 ratio.

Sexual Differences.— Sexual differences in T. atratus are based on characters of proportion

and ventral-subcaudal counts. Smaller eyes and taller supralabials in females (p<0.001 ) may be the

result of ontogenetic scaling and larger female body size. In large adults, eye diameter increases with

respect to gape in males (r = 0.88) and decreases with respect to gape in females (r = -0.93).

Males of the T. couchii complex average 82% of female snout-vent length (SVL) (Fitch 1984).

Fitch (1981) found the ratio of male-female SVL to increase from aquatic (73%) to terrestrial (88%)

Thamnophis. In southern T. atratus, values are within the range of "terrestrial" snakes (83 96%, mean

89%), as is the value for T. a. hydrophilus (87%), while the value for T. elegans {11%) approaches

the "aquatic" value. The male-female SVL ratio for T. atratus appears to be correlated with mean

female SVL: (r = 0.9 1 , F = 1 8.8, p<0.01 ), but not with male SVL (r = 0.60, F = 2.3, p<0.2). This ratio

can be explained by the differential growth rates of adults, in which females continue to increase SVL
at a greater rate than males (r = 0.99; Fig. 2). The conflict between these and Fitch's results inay be

due to a complexity of parameters affecting garter snake size that defy a "terrestrial" and "aquatic"

classification scheme.

Length.— Snakes from the coastal fog belt average smaller than those occurring just outside

of this zone. Of 20 adult snakes from Dillon Beach, Marin County, only 3 (15%) exceeded the mean

SVL for area A. Fox ( 1951 ) suggested that the coastal snakes grew less rapidly than inland snakes,

causing them to reach maturity at a smaller size. Snakes from near the coast in Areas C and D are also

smaller, but less markedly so, than the means for their entire areas.
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Table 4. Character weights and factor loadings for canonical plots between Areas for male and female

Tluwmophis a. stratus. Only significant values contributing to canonical separation of factors are shown.

Abbreviations as in Table 1, except AVSW = anterior vertebral stripe width, INL/INW = intemasal length/in-

temasal width, MSR - midbody scale rows.

Males

Weight Fl

ACS/PCS
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represents a distinct taxon described be-

low. The populations in areas A and B,

formerly called T. a. aquaticus, are here

referred to as "basal-southern" T. atratiis.

INTERGRADES.— Within the range of

southern T. atratus are several areas of

morphological intergradation. Areas A and

C are composed of snakes intermediate in

color and pattern between the subspecies

T. a. hydrophilus and T. a. atratus (Fig.

le). The change is gradual from the Marin

Peninsula to the San Andreas Rift Lakes

(Fig. 6), ahhough some snakes from Half

Moon Bay to Pescadero have faint lateral

stripes. This appears to be clinal intergra-

dation, in which characters have shifted

along a geographic gradient from one ex-

treme to another. The ends of these ex-

tremes are homogeneous (at least

morphologically) groups of populations.

Snakes from northwestern Sonoma
County have high ventral counts, occa-

sionally lack lateral stripes, and may have

dark spots in the dark fields. Although T.

a. hydrophilus may be striped and/or spot-

ted, the spotted pattern is unique to that

subspecies, and is seen in snakes as far

south as the Gualala River on the coast and

Cache Creek, Colusa County, inland. Fox

(1951) considered intergradation between

the subspecies T. a. hydrophilus and ""T. a. aquaticus'' to be abrupt, both morphologically and

geographically, ocurring at the Gualala River.

Fox ( 1 95 1 ) stated, "the transition from aquaticus to atratus [striped morph] is gradual, ... I have

arbitrarily divided the two races at the San Francisco Bay." Fox's concept of the subspecies T. a.

aquaticus included the variable populations ranging north to Trinity County. He cited the four Solano

County specimens as being intergrades because of enlarged supralabials and intermediate color. The

large size of the supralabials is due to the fact that two are huge females (with enlarged salivary

glands). One male has supralabials in proportion with other Area B snakes, and those of the other

could not be measured. All have the gray ground color typical of'T. a. aquaticus" but vertebral stripes

similar to the striped morph of T. a. atratus. Snakes from Contra Costa County are typical of the

striped form of T. a. atratus. Unfortunately the subtle color differences between "7! a. aquaticus"' and

striped T. a. atratus are not evident in preserved specimens, and no fresh specimens from Contra

Costa County were available for study. MVZ 48975, from Wildcat Canyon, Contra Costa County,

has a gray dorsum with a narrow vertebral stripe as in T. a. aquaticus. However, two others collected

with this individual lack these characteristics (pers. obs.). No snakes were available from the

Carquinez Straits region between Suisun Creek and the Berkeley Hills. The southernmost area of

intergradation between T. a. hydrophilus and southern T. atratus remains unresolved as to whether it

is abrupt or gradual. A genetic study is needed to determine the nature ofcontact at points ofparapatry.

I

5

2

I

4

3

1

H

Figure 5. Phylogenetic relationships of five population groups of

Thamnophis atratus (Areas A, B, D, F, G) using T. a. hydrophilus (H)

as the outgroup; length = 103, CI = 0.848; numbers identify nodes

referred to in the text.
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Area E contains a mixture of snakes bearing character extremes, and others which are interme-

diate. The dark form of T. a. atratus occurs south to Uvas Canyon, while striped snakes overlap the

dark form north to the Los Gatos Creek drainage (Fig. 6). At Uvas Canyon and upper Guadalupe

Creek, both morphs and intergrades occur sympatrically. Of 26 snakes from Area E and Guadalupe

Creek, 38% are dark, 19% are striped, and 43% are intermediate. All snakes in the open oak woodland

below Uvas Canyon and south of the Santa Teresa Hills are the striped morph, and are identical in

color pattern to snakes east of the Santa Clara Valley. This distribution of color morphs and

intermediates suggests secondary contact in Area E (see Biogeography below).

The southwestern side of the Santa Cruz Mountains, from Soquel Creek east, contains popula-

tions of intergrade snakes having faint lateral stripes and slightly darkened venters (Fig. Ig). It is

possible that these snakes resulted from initial contact when the striped form reached the south end

of the Santa Cruz Mountains (see below). The intergrade zone may have broadened, creating a buffer

from constant influence from the striped form. Also, the heavily forested summit may prevent the

striped form from remaining in contact with most of these populations. There is some gradation, with

snakes from the geographical extremes (Soquel Creek and Hecker Pass) increasingly resembling the

dark and striped forms, respectively.

Ecology.— At the northern end of the range of Thamnophis atratus, the subspecies T. a.

hydrophilus is highly aquatic (Fitch 1940), while snakes from the San Francisco Bay region are

semiterrestrial (Fox 1951, pers. obs.). This ecological shift is thought to be the result of change in

habitat and, possibly, competition with other species of Thamnophis

.

Southwestern Oregon and northern California have an abundance of large rivers, and large

museum series of T. atratus collected on single dates along these rivers indicate their abundance there.

The rivers are typically lotic all year, with rock, sand, or gravel beds, and snakes rarely venture far

from these or smaller bodies of water (Fitch 1940). There are few large rivers or streams in the San

Francisco Bay region and most are intermittent. Here, T. atratus has adapted to a semiterrestrial life

style, and acquired some morphological characteristics of Fitch's ( 1940) elcgans group. South of the

Pajaro River drainage large rivers are again prevalent and, except on the outer coast, T. atratus has

retained an aquatic life style (S. Sweet, pers. comm.). The morphological differences between

southern T. atratus and T. a. hydrophilus may be related to these differences in habitat.

Much of the range of T. a. hydrophilus (southwestern Oregon and northern California) is forested.

Southward and inland, canopy vegetation is patchy in oak savannah-woodland, and is often restricted

to riparian strips. This is reflected in an increased coastward restriction of T. atratus distribution from

north to south. In conjunction, the drab, spotted morph of T. a. hydrophilus has been lost in southern

T. atratus. The drab, spotted pattern provides a camouflage advantage in open, gravel-bottomed

streams (Fitch 1940). Snakes moving on the bottom of these streams are nearly invisible, and I have

lost sight of snakes, even though in plain view, as their pattern and sinuous movements blended with

the gravel and riffles. A boldly striped pattern might be detrimental to survival in such situations.

Thamnophis atratus in Coyote Creek were readily observed at distances > 1 m due to their contrasting

pattern and bright colors. However, striping is advantageous to terrestrial snakes as both camouflage

in vegetation, and as an illusionary escape device. The dorsal stripe leaves the observer with a brief

after-image posterior to the retreating snake (Jackson et al. 1 976), and 1 have found this to be effective

when trying to capture rapidly crawling snakes on land. Striping in snakes, possibly detrimental in

the water, may be offset by its terrestrial advantage, since seasonal drying of streams forces the snakes

to ten-estriality during part of the active season. I believe that selection for a boldly striped pattern in

southern T. atratus has positive survival value, and is related to the marked habitat differences between

northern and central California. However, T. a. hydrophilus exhibits an increase in number of striped

individuals inland, but does not show seasonal disuse of streams during the annual period of activity

(D. Rossman, pers. comm.).
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Figure 6. Localities for Thamnophis atratus in the San Francisco Bay region. Circles darkened below represent basal

southern T. atratus; open circles, T. a. zaxanthus; closed circles, T. a. atratus; circles darkened above, T. a. atratus x T. a.

zaxanthm intergrades.
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Within Area D, both prey and understory vegetation are widely dispersed. In Area F, prey and

cover are restricted to riparian strips, which is reflected in habitat use by snakes: 52.5% (G = 0.718)

of Area D snakes were encountered within 20 m of water, compared to 88.2% (G = 10.352) of Area

F snakes, hicreased cover and prey dispersal has enabled Area D snakes, and probably coastal Area

G snakes, to increase terrestrial ity over other T. atratus. Area D snakes are less seasonally restricted

in activity, with 61.6% of snakes observed May-August, vs. 73.2% in Area F. May—August activity

is significantly greater than spring and fall activity in Area F snakes (t = 2.447 at df = 6, p<0.05), but

not for Area D snakes. Snakes from the southern extreme of the range are active from April to July

only (S. Sweet, pers. comm.).

Food.— Quantitative feeding studies for southern T. atratus are unavailable, and Fitch's ( 1 940,

1941 ) concept of T. atratus included T. elegans terrestris. For the present study, T. atratus were not

routinely checked for prey. Observations revealed only fish and amphibians, and feeding was

observed only in the water. The presence of the plethodontid salamanders Amides luguhris. Ba-

trachoseps attenuatus, and Ensatina eschscholtzii in four snakes from Area D indicates some

terrestrial feeding (pers. obs.). Otherwise, there is no indication of similarity with the food habits of

T. elegans (Fox 1952; Gregory et al. 1980; James et al. 1983).

BlOGEOGRAPHY.— Geographic patterns of variation within the Thamnophis couchii complex,

combined with paleogeographic and molecular data, suggest the following hypotheses for observed

variation within T. atratus. Thamnophis atratus occasionally hybridizes with sympatric members of

the T. couchii complex at either end of its range (Rossman and Stewart 1987). but is non-convergent

in most characters with T. couchii and T. hammondii at their respective contact zones. The ranges of

T. atratus and T. hammondii overlap broadly, and hybridization may be the result ofsecondary contact

(S. Sweet, pers. comm.), suggesting that derivation of one from the other is unlikely. The ranges of

T. atratus and T. couchii are largely parapatric, creating a narrow zone of hybridization, which implies

derivation of one species from the other. In addition, paleogeographical evidence supports the notion

that T. atratus originated in the north, and dispersed southward. Scenarios in Peabody and Savage

( 1 958), Howard ( 1 962), Moratl<a and Banta ( 1 972 ), and Yanev ( 1 980), indicate that territory currently

occupied by southern T. atratus was submerged until 5 million years ago (mya). A southward dispersal

route for T. atratus was supplied by continuing uplift of the Coast Ranges during the next 4 million

years.

A scenario for the derivation of morphotypes of T. atratus can be developed by superimposing

their hypothetical past distribution on maps provided in Yanev (1980). Between 8 and 5 mya the

northern Coast Ranges uplifted southward from the present-day vicinity of Lake County, forming a

peninsula toward the present-day Santa Cruz Mountains. The interface created by this uplift runs from

near the mouth of the Gualala River eastward in the region in which Lake County borders Sonoma
and Napa counties. The Sonoma Gap, represented by a low grassland region interrupting the otherwise

continuous band of coastal forest, runs east-west approximately 60 km to the south of this interface.

A number of taxa have differentiated genetically and/or morphologically near the interface: Dicamp-

todon (Good 1989), Aneides higubris (Sessions and Kezer 1987), Ensatina (Stebbins 1949; Wake
1997), Rana aurora (Green 1985), Diadophis amabilis (Blanchard 1942), and Thamnophis atratus

(Fox 1951). During this period, it is conceivable that T. atratus. or its ancestor, moved southward

along the peninsula.

Subsequent uplift and contact with the Diablo Range in the north formed two peninsulas, one

extending southward through the Santa Cruz Mountains, the other southward to the vicinity of

present-day Pacheco Pass in the Diablo Range. Once T. atratus moved south of the Sonoma Gap, two

morphotypes may have diverged in response to habitat differences between inner and outer coast.

Dark-sided snakes ofthe outer-coastal forests would have extended southward through the Santa Cruz

Mountains, while the three-striped inland morph would have extended southward in the Diablo Range

in savannah-riparian strip habitat (Fig. 7a). This scenario is supported by node 2 and the resulting
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branches of the phylogenetic tree (Fig. 5). This pattern is paralleled by Ensatina, in which an

inner-outer coast divergence occurs immediately north of San Francisco Bay, following through to

the Santa Cruz Mountains-Diablo Range (Stebbins 1949).

As the Pajaro outlet for the Merced Sea closed about 1 mya, the inland morph may have extended

southward through the Santa Lucia Range to the Transverse Ranges south of the Monterey Peninsula

(Fig. 8). Thamnophis atratus is relatively common on the outer coast, but is scarce inland. This may

be due to competition with the highly aquatic T. hammomiii, perhaps already established in the region,

by increased restriction of riparian habitats, and seasonality ofwater and food supplies. Initial closure

of the sea at the Diablo Range would have permitted the inland morph to enter these areas in advance

of the Santa Cruz Mountains morph. Subsequent elimination of contact between inner and outer Coast

Range populations by the Salinas Valley would explain node 3 of Fig. 5. The eventual shift of the

Central Valley outlet to the San Francisco Bay coincides with nodes 4 and 5 of Fig. 5.

Closure of the Santa Cruz-Diablo Range division at the Santa Clara Valley-San Francisco Bay

would have allowed secondary contact between populations already differentiated (Fig. 7b). The two

morphotypes meet along the southeast slope of the Santa Cruz Mountains, where both intergradation

and sympatry occur. Other taxa following a similar pattern include the scorpion Uroctonus mordox

(Hjelle 1972) and Lampropeltis zonata (pers. obs.). By presence-absence, Pinus sabiniana also

demonstrates this pattern (R. Myatt, pers. comm.). The preceding are woodland species, none ofwhich

currently occur at the proposed Santa Clara Valley crossing, suggesting that such a crossover would

have taken place during more mesic conditions.

Taxonomic Synopsis

Thamnophis atratus zaxanthus subsp. nov.

Fig. Ih

HOLOTYPE.— MVZ 207940, an adult female from 3 mi S of Gilroy Hot Springs, Santa Clara

County, California, collected 15 April 1986 by William P. Hutchins.

Diagnosis.— Maximum total length 902 mm; ventrals, males 148 168 (mean 158.3. n = 71),

females 140-167 (mean 1 52. 1 , n = 86); subcaudals, males 65-89 (mean 80.8, n = 61). females 59-83

(mean 72.5, n = 73); anterior scale rows 19 (82%) or 21 (18%); midbody scale rows 19 (85%) or 17

(15%); posterior scale rows 15 (78%) or 17 (22%); vertebral stripe relatively broad, averaging 3.2

(range 1.5-5.0) scale rows on the nape, 2.1 (1.0-2.8) rows in the thoracic region; vertebral stripe

yellow to orange-yellow; lateral stripe conspicuous, pale green; dorsum dark gray to black; iris gray

or brown; top of head dark, olive black, with a prominent parietal spot; supralabial suture marks

narrow when present; demarcation between dorsal head color and pale supralabials distinct; chin

cream, becoming bright yellow on the throat, grading to pale green in the thoracic region; ventral

color darkening slightly posteriorly; midventral suffusion yellow to orange; dark markings absent

from transverse ventral sutures; eye moderate in size (eye diameter/gape length 0.15-0.22, mean =

0.19 in males, 0.18 in females); tail moderately long, averaging 26.2% (24-29%) of total length in

males, 24.4% (22-27%) of total length in females. Color photographs of adults are provided by

Boundy ( 1 990, frontispiece, holotype in life), Mara ( 1 994:4, mislabeled T. sirtalisfitchi) and Rossman

etal.(l996, pi. I).

Description of Holotype.— (from life): Adult female, 448 mm SVL. 128+ mm tail length

(approx. 7 mm missing from tip); ventrals 149, subcaudals 62+; scale rows 19- 19- 15, all but first row

keeled; supralabials 8-8; infralabials 9-9 (5th and 6th fused on each side); preoculars 1-1 ; postoculars

3-3; temporals 1+2+2 on each side; posterior chin shields longest; intergenials 3; anal plate single;

head distinctly wider than neck; top of head flat; snout moderately blunt; eyes and nostrils with a

slight dorsolateral tilt; pupil approximately 1/2 eye diameter; iris dark gray; eye diameter/gape length
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Diagnostic Comparisons.— Thamnophis a. zaxanthus differs from other central California

Thanmophis as follows: from T. sirtalis it differs in having 8 rather than 7 supralabials, in lacking a

red head and red in the dark fields, and in having a yellow or orange midventral suffusion; from T.

elegans it differs by always lacking red pigment, and by having a yellow midventral suffusion, the

posterior chin shields noticeably longer than the anterior, narrower contact between the intemasals

and the rostral, the intemasals usually longer than wide, the anterior scale rows more often 19 than

21, the posterior scale rows more often 15 than 17, and a smaller pupil relative to eye diameter

(Bellemin and Stewart 1977 provide a statistical analysis of these differences); from T. gigas and

northern populations of T. atratus hydrophilus it differs by usually having 19 (80%) rather than 21

or more anterior scale rows, an orange midventral suffusion, bright yellow supralabials and throat,

and a vertebral stripe 2 or more scale rows wide. Thamnophis a. zaxanthus also differs from T. a.

hydrophilus in lacking dark markings on the transverse ventral edges, in always lacking distinct dark

spots on the dorsum, and in having a darker iris; and from T. a. atratus by having lateral stripes, a

strong demarcation between the dorsal head and pale supralabial color, and a lighter venter.

Etymology.— Greek, za (intensive), and xanthus (yellow).

Distribution.— Inner Coast Range from Napa and Solano to Santa Barbara counties, and the

Santa Lucia Range (Fig. 6). It occurs from hills south of the Carquinez Straits to Tres Pinos Creek in

the Diablo Range, and to the Pinnacles region in the Gabilan Mountains. It occurs on the coastal slope

of the Santa Lucia Range from the Monterey Peninsula south to the San Rafael Mountains, Santa

Barbara County (La Brea Creek and Birabent Canyon; S. Sweet, pers. comm.). It also occurs in the

foothills along the southeastern slope of the Santa Cruz Mountains, south of the Santa Teresa Hills.

It is absent from major valleys.

Thamnophis atratus atratus (Kennicott 1860)

Fig. If

Lectotype.— USNM 970a, designated by Fitch (1940:89), from San Francisco (Cochran

1 96 1 : 1 8 1 ). Descriptions of the cotypes in Kennicott ( 1 860:296) and Cope ( 1 89 1 :658), and examina-

tion of lectotype, allow correction of the type locality to Area D, that is, the Santa Cruz Mountains

or southern San Francisco Peninsula. The lectotype is an adult male (486 mm SVL) with the following

characters: tail/total length 0.260; supralabials 8-8; infralabials 10-10; oculars 1-3/1-3; temporals

1 + 1+2, 1+2+2; scale rows 19-19-15; pupil/eye diameter 0.30; eye diameter/gape length 0.19;

interorbital width/gape length 0.38; posterior/anterior frontal width 0.76; frontal/parietal length 0.89;

muzzle/frontal length 0.73; intemasal length/width 0.43; prefrontal/internasal length 0.79; intemasal-

rostral/nasal-rostral 0.80; loreal dorsal/ventral length 0.80; 6th/7th SL angle 3.5; anterior/posterior

chin shield length 0.92; vertebral stripe width 2.9; coloration is typical of Area D snakes.

Diagnosis.— Maximum total length 1016 mm; ventrals, males 146-165 (mean 154.2, n = 57),

females 141-155 (mean 147.0, n = 57); subcaudals, males 67-89 (mean 79.4, n = 49), females 64-79

(mean 70.3, n = 48); anterior scale rows 19, rarely 17 or 21; midbody scale rows 19 (65%) or 17

(35%); posterior scale rows 15, rarely 13 or 17; vertebral stripe yellow to orange yellow, and broad,

averaging 4.0 (range 2.7-6.5) scale rows in the nuchal area, 2.5 ( 1 .6-4.6) rows in the thoracic region;

lateral stripes absent; dorsum olive black, grading to dark olive at the ventrals; dorsal black spots

obscure; iris dark brown; top of head dark olive brown to olive black, with a prominent parietal spot;

supralabial suture marks narrow when present; demarcation between dorsal head color and dusky

olive supralabials indistinct; chin cream, becoming deep yellow on the throat; venter abruptly

becoming olive gray in the thoracic area, continuously darkening posteriorly; prominent yellow-or-

ange midventral suffusion; dark markings absent from transverse ventral sutures; eye moderate in

diameter (eye diameter/gape length 0. 1 5-0.22, mean = 0. 1 9 in males, 0. 1 8 in females); tail moderately
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Figure 8. Location of localities and geographic features mentioned in the text: 1) Aiamitos Creek; 2) Coyote Creek; 3)

Guadalupe Creek; 4) Half Moon Bay; 5) Los Gatos Creek; 6) Pacheco Pass; 7) Pajaro River; 8) Pescadero Creek; 9) San

Andreas Lake; 10) San Lorenzo River; 11) Santa Teresa Hills; 12) Soquel Creek; 13) Suisun Creek; 14) Uvas Creek; 15)

Wildcat Canyon.
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long, 26.2% (0.22-0.28%) of total length in males, 24.1% (0.22-0.26%) of total length in females.

Color photographs of adults are provided by Mara (1994:13) and Rossman et al. (1996, pi. 1).

Distribution.— Santa Cruz Mountains and southern San Francisco Peninsula, from the San

Andreas rift lakes to the San Lorenzo River watershed and Uvas Canyon (Fig. 6).

Thamnophis atratus hydrophilus Fitch 1936

Fig. la—

c

HOLOTYPE.— MVZ 18127, from Trail Creek, 6 mi from its mouth, Jackson County, Oregon.

Diagnosis.— Maximum total length 916 mm; ventrals, males 151-171 (mean 163.6, n = 77),

females 148-168 (mean 159.0, n = 71 ); subcaudals, males 77-95 (mean 87.5, n = 62), females 65-82

(mean 76.3, n = 60); anterior scale rows 2 1 (73%; northern Humboldt County northward) or 1 9 (98%;

southern Humboldt County southward); midbody scale rows 19 (84%) or 21 (16%); posterior scale

rows 17 (46%) or 15 (54%); vertebral stripe narrow, less than 1 and two half scale rows wide,

occasionally absent; vertebral stripe cream to orange yellow; lateral stripes absent to prominent;

dorsum olive gray to dark olive, with alternating darks spots distinct except in individuals having dark

ground color; top of head olive to dark brown, with a distinct parietal spot; paired, dark neck blotches

often distinct; supralabial suture marks present, of variable width; demarcation between dorsal head

and pale or dusky supralabial color distinct to only slightly so; venter light dusky, with a pale

midventral orange to yellow wash; dark markings present on transverse ventral sutures; eye diameter

moderate (eye diameter/gape length 0.16-0.22, mean = 0.19 in males and females); tail relatively

long, 26.8% (24.1-28.2%) of total length in males, 25.0% (22.6-26.8%) of total length in females.

Color illustrations of adults are provided by Smith and Brodie (1982:151) and Rossman et al. (1996,

pl. 1).

Distribution.— Northern Coast Ranges of California and southwestern Oregon north of the

Gualala River and Lake County, California.

Summary

Southern populations of Thamnophis atratus are well-differentiated from northern populations

(= T. a. hydrophilus), and differences appear abruptly along a zone running from near the mouth of

the Gualala River eastward to the ridge separating Lake and Napa counties. The southern populations,

formerly thought to be separable into subspecies north and south of San Francisco Bay, are found

instead to have differentiated on two north-south trajectories (coastal and inland). Populations of T.

atratus immediately north of San Francisco Bay exhibit little differentiation between coastal and

inland populations, but there is increasing divergence in characters between coastal and inland

populations south ofthe Bay. Populations south ofthe Bay appear to have come into secondary contact

at the southeastern part of the Santa Cruz Mountains, where phenotypic hybridization occurs.

Elsewhere, the two morphotypes are geographically separated.

The phylogenetic tree produced by the present study, coupled with hypothetical Pleistocene

geography of the central California coast, recommends a revised taxonomic arrangement of southern

T. atratus populations. The north Bay populations, formerly called T. a. aquaticus, are morphologi-

cally and phylogenetically basal to south Bay populations. Because they lack morphological and

phylogenetic uniqueness, they cannot be considered terminal taxa and are not taxonomically recog-

nizaeable. The south Bay populations have evolved on two separate trajectories from north Bay

populations. Populations comprizing the two trajectories are morphologically and phylogenetically

unique, and are therefore given taxonomic status. The coastal trajectory represents Thamnophis

atratus atratus in a restricted sense, while the inland trajectory is named T a. zaxanthus.
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Appendix A

Specimens examined for MANOVA (all California).

—

Thamnophis atratus aquaticus (132).

Marin Co.: MVZ 1 8 1 96, 1 8 1 98, 36 1 84, 40708, 47953, 47957^7966, 47969-47995, 48 1 96 (holotype

of Thamnophis elegcms aquaticus). 1 7225 1 , 206938. Sonoma Co.: CAS 27939, 2801 9-2802 1 , 28024,

28025, 28029, 149676, 156208; CAS-SU 4219, 4229-4232, 425^^258, 4323, 10741-10743,

11 038-1 1 04 1 , 1 1 044; MVZ 49 1 3, 49 1 4, 480 1 3, 480 1 5, 480 1 6, 48042, 6969 1-69693, 69695-69697,

125414.

Thamnophis atratus atratus - T. a. aquaticus intergrades (64). Marin Co.: CAS 93771; MVZ
47954^7956, 47967, 47969, 68194. San Francisco Co.: MVZ 19118-19120, 19122, 19123,

19125-19128, 19133, 19134, 37138. San Mateo Co.: CAS-SU 8157, 10706, 10712; MVZ
47883^7893, 4789^^7925, 93805.

Thamnophis atratus atratus (187). "San Francisco": USNM 970a (lectotype of Eutainia atrata

and Eutaenia infernalis vidua). San Mateo Co.: CAS 149585-149617, 149677, 191545, 191640,

191641, 191646; CAS-SU 1198, 1200-1205, 1654, 1655, 4149, 4155, 5180, 5183, 5184, 8105,

8109-81 12, 1068^10688, 10691, 10692, 10694-10696, 10698, 10827, 10828, 10831, 10833, 10834,

1 0897-1 0899, 13781,1 7867, 1 7906, 1 7907, 22949-22952, 25567, 25568; MVZ 9316,1 4003, 1 6592,

32628, 47882, 47894, 47895, 47926-^7928, 92508, 187632-187636, 187654, 187655. Santa Clara

Co.: CAS 54225, 191576, 191578, 191581-191583, 191596, 191598, 191599, 191602, 191609,

191613, 191617, 191620, 191622, 191624, 191625, 191633, 191635; CAS-SU 4157, 4322,

6378-6380, 8207, 8208, 13780, 18160-18162; Santa Cruz Co.: CAS 81547, 191557,

191560-191563, 191565, 191567-191569; CAS-SU 4150-4153, 7636, 7637, 10817; MVZ 26988,

35545-35553, 39443, 47935^7941, 4897^^8979, 62106-621 18, 100280, 149624; SJSU R4737.

Thamnophis atratus atratus - T. a. zaxanthus intergrades (25). Santa Clara Co.: CAS 191584,

191587, 191591, 191595, 191597, 191600, 191603, 191621, 191623, 191626, 191634, 191636,

191642, 191645, 191653. Santa Cruz Co.: CAS 191558, 191559, 191564, 191566, 191570-191572;

CAS-SU 1675, 1679,4148.

Thamnophis atratus zaxanthus (\69). Alameda Co.: CAS-SU 4161, 1 1913, 1 1914; MVZ 1629,

2457, 3757, 1 0524, 1 2857, 24897, 24898, 24905, 24906, 25200, 32244, 3895 1 , 38952, 47943-47948,

48538, 111370, 187622-187626, 187649, 191323. Contra Costa Co.: CAS43695; MVZ 4009, 19139,

32885, 47949^7952, 48973^8975, 85208, 85209, 111362. Merced Co.: MVZ 39350, 39351.

Monterey Co.: CAS 13764, 13765, 149553, 149554, 191541; CAS-SU 1685, 5143, 5147, 5149,

10327-10329, 11316; CPS 248; MVZ 7243, 26010, 44865, 66382, 125415. Napa Co.: CAS 191544;

CAS-SU 6 1 34, 63 1 0-63 1 4; MVZ 42639-42644, 47887, 47888, 47999^8008, 480 1 0-480 1 2, 60234,

60235, 78049-78052; 78817, 85214, 149606-149609, 149621-149623, 149625, 187630. San Benito

Co.: CAS 49212, 191537-191540; MVZ 83647. San Joaquin Co.: CAS 191542; MVZ 28206, 28207.

San Luis Obispo Co.: CPS 120, 188, 189, 191, 2420, 2426, 2428, 2436, 2437, 3216-3220, 3224,



334 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES
Volume 51, No. 6

3225, 3227, 3228, plus two unnumbered specimens; UCSB 15552, 21997. Santa Barbara Co.: CPS
94; UCSB 9078, 9081-9083, 13707, 14213, 17805, 17584, 18762, 22203. Santa Clara Co.: CAS
39652, 39653, 41661, 41662, CAS-SU 4091, 5852, 6520, 22953, 22954, 191574, 191575, 191577,

191579, 191580, 191585, 191586, 191588, 191590, 191592-191594, 191604-191608,

191610-191612, 191614-191616, 191618, 191619, 191628-191632, 191637-191639, 191643,

191644, 191647-191652, 195846; MVZ 79576, 207940 (holotype of Thamnophis atratus zaxan-

thus); Solano Co.: MVZ 4006-4008, 48017. Stanislaus Co.: CAS 161384, 191547-191551; MVZ
39349,78816.

Appendix B

Supplemental specimens examined.— Thamnophis atratus aquations (16). Marin Co.: LSUMZ
8222-8225, 22205-22208, 34238, 34239. Sonoma Co.: LSUMZ 16531, 16638, 16644, 16648, 16649,

39069.

Thamnophis atratus atratus (20). San Mateo Co.: LSUMZ 16546, 24352-24356, 2891 1-28914,

2893 1-28933, 36936, 37905, 37907, 37908, 39599, 39600. Santa Cruz Co.: LSUMZ 16545.

Thamnophis atratus atratus - T a. aquaticus intergrades (4). San Mateo Co.: LSUMZ 8305,

8306, 20359, 34255.

Thamnophis atratus hydrophilus (35). Shasta Co.: LSUMZ 16554, 16555, 16557,34417,34418,

35177, 36685, 36686, 36690-36701, 36705, 36747-36753, 39088, 39089, 40017, 40022, 40029,

46844, 46845.

Thamnophis atratus zaxanthus (23). Alameda Co.: LSUMZ 8129, 16532-16534, 16536, 16537,

16539, 16540, 34591-34593. Contra Costa Co.: LSUMZ 8131, 42815. Monterey Co.: LSUMZ
17023, 39097. San Luis Obispo Co.: LSUMZ 23907, 37189-37191, 37902. Stanislaus Co.: LSUMZ
44370, 44390, 44393.

Thamnophis elegans terrestris (42). Alameda Co.: LSUMZ 7908, 44780. Marin Co.: LSUMZ
7914. San Luis Obispo Co.: LSUMZ 55342-55346. San Mateo Co.: LSUMZ 7900-7904, 7907, 791 1

,

7912,7916,7918,7920, 16502, 16504-16506, 16508, 16509, 19285-19291,20356-20358,34231,

34371, 34373, 40248. Santa Cruz Co.: LSUMZ 13536. Sonoma Co.: LSUMZ 16636, 34374.

Appendix C

Character support for the phylogenetic tree.— The ingroup clade, comprising southern popula-

tions of Thamnophis atratus, was supported by shorter SVL (<4 1 5.3 mm vs. 466.5 mm [mean values,

and hereafter]), fewer ventrals (<161.1 vs. 164.2), fewer subcaudals (<83.8 vs. 86.6), fewer ASR
(<19.6 vs. 20.2), fewer PSR (<16.1 vs. 16.9), broader interorbital width (>0.39 vs. 0.38), broader

MVSW (>1 .9 vs. 1 .7), STR value either greater than 4.9 or less than 3.9 (vs. 4.3), longer PCS (<0.80

vs. 0.83), greater eye diameter (>0.18 vs. 0.17), more maxillary teeth (>24.5 vs. 23.6), male/female

SVL ratio either greater than 0.81 or less than 0.91 (vs. 0.86), greater ML/FL ratio (<0.70 vs. 0.85),

lesser FL/PL ratio (>0.97 vs 0.92), greater LDL/LVL ratio (<0.66 vs. 0.7 1 ), and PRF/INL ratio either

greater than 1.01 or less than 1.11 (vs. 1.08).

The branch leading to A, D is supported by lower STR value (<3.9 vs. 5.0), and higher pupil/eye

ratio (0.47 vs. <0.45). The clade (G (B, F)) is supported by greater STR value (4.9 vs. <3.9) and more

maxillary teeth (25.6 vs. <24.8). The clade (B, F) is supported by more V (> 159.5 vs. 153.3), narrow

interorbital (0.39 vs. 0.40), and lower pupil/eye ratio (0.43 vs. 0.45).
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The dimorphic soft coral genus Minabea Utinomi, 1 957, originally described from Japan,

is here recognized as a monotypic taxon and restricted to the type species, which is

designated as Minabea phalloides (Benham, 1928). Minabea ozakii Utinomi, 1957, pre-

viously recognized as the type species, cannot be morphologically differentiated from M.

phalloides, and is therefore considered a synonym. In light of the present situation in which

Benham's and Utinomi's type specimens cannot be located, and Benham's type locality is

uncertain, recently collected material from New Zealand is here described in detail.

Eight other taxa. including one new species, which superficially resemble Minabea, are

allocated to a new genus, which is morphologically distinct and has an Indo-W est Pacific

distribution. The new species has recently been discovered from Okinawa and the Philip-

pines. The Indian Ocean specimens upon which the species ,4/cv^/»m//i indicum Thomson
and Mackinnon, 1905, and Bellonella indica Thomson and Henderson, 1905, were based

have been reexamined, and it has been determined that they are conspecific and belong to

the new genus. These are compared with the new species. In addition, newly-collected

material of a recently described Melanesian species has allowed for an assessment of

phenotypic variability, which is the most marked of any species in the genus.

Revised keys and a table comparing the nine species in the two related genera, along

with a discussion of variability and distribution, are also included.

Several genera of alcyoniid soft corals with unbranched digitiform to capitate growth form and

dimorphic polyps are known. Included here are Acrophytum Hickson, 1900; Anthomastus Verrill,

1878; Malacacanthus J. S. Thomson, 1910; Minabea Utinomi, 1957; and Verseveldtia Williams,

1990 (see key to the dimorphic Alcyoniidae in the present paper).

Williams (1992b) monographed and revised the genus Minabea, in which five new species were

described, and nine species were recognized as valid for the genus. A subsequent comparison of

Minabea ozakii Utinomi, 1957 from Japan, with Minabea phalloides (Benham, 1928) from New
Zealand, has shown that the two are morphologically indistinguishable. Minabea phalloides is

therefore designated as the type species for the genus Minabea, and M. ozakii, previously accepted

as the type species of the genus, is necessarily relegated to the status of junior synonym. A
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redescription of Minahea phalloides (Benham, 1928) is included, from previously unavailable

material.

Comparative investigation has also shown that Minahea phalloides can be separated on the basis

of sclerite composition and siphonozooid morphology, from the seven other species previously

considered to belong to the genus Minahea. A new generic name is proposed to accommodate these

taxa. Included in this new genus is a recently discovered species from the western Pacific, which is

here described as new. Specimens of an Indian Ocean species, previously described as Bellonella

indica and Alcyonium indicum, are reexamined and compared with the new species. Generic revision

and the new taxon description makes a total of eight species known for the new genus in addition to

a single species in the genus Minahea.

An aspect of relevant interest is related here. One of these taxa, originally named Minahea

aldersladei by Williams (1992b), has been used in chemical products research. Ksebati and Schmitz

(1988) reported the discovery of diterpene lactones and minabeolides—a new group of withanolide

lactones—all isolated from this species, which was collected from Chunk, Micronesia.

Recently collected material, referable to a species previously described as Minahea acrono-

cephala Williams, 1 992b from the Solomon Islands, along with material from Fiji and the type locality

in Papua New Guinea, exemplifies a high degree of morphological variation with respect to growth

form, which is here assessed.

A brief review of the dimorphic genera of the Alcyoniidae is also provided, including revised

keys, a table of comparative characters for the one species oi Minahea and eight species of the new

genus, and new distributional data for six taxa in the western Pacific and three in the Indian Ocean.

Methods

Abbreviations used in the text are as follows: CAS (California Academy of Sciences, San

Francisco), CRRF (Coral Reef Research Foundation, Palau), NHM (The Natural History Museum,

London—formerly known as the British Museum of Natural History), NMNZ (National Museum of

New Zealand, Wellington—now known as Museum of New Zealand, with collection acronym

unchanged), NZOl (New Zealand Oceanographic Institute, Wellington—now known as National

Institute of Water and Atmospheric Research, with collection acronym unchanged), NTM (Northern

Territory Museum of Arts and Sciences, Darwin—now known as the Museum and Art Gallery of the

Northern Territory, with collection acronym unchanged).

Material was collected by SCUBA or bottom trawl, and preserved in 70% ethanol. Sodium

hypochlorite was used to isolate sclerites from soft coral tissues. An Olympus CH-2 compound

microscope with drawing tube was used to draw sclerites, while a Hitachi S-510 scanning electron

microscope was used to make scanning electron micrographs.

Systematic Account

Key to the World Species of Minabea and Paraminabea

(Revised from Williams 1992b:2)

1. Sclerites include spindles derived from radiates, or slender rodlike forms 2

—Spindles and rods absent 3

2. Sclerites are radiates and slender, elongate, spiny rodiii<e forms which are densely distributed in the interior of the

colony. Colonies elongate and fingcrlike, tapering distaily Minahea pluilloiiles

—Sclerites are radiates and spindles derived from radiates. Colonies digitiform and cylindrical in shape

Paranuiuihca kosicnsis

3. Colonies lobate or digitate 4

—Colonies digitiform 5

4. Colonies digitate with 4—6 fingerlike branches emanating laterally from a thicker main stem . . . Paraminahcu arhorca
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—Colonies lobate with <3 robust lobes arising from tiie top of a basal stalk, or digitifonn (fingerlike to clavate or

dome-shaped) Paramlnahea indica

5. Colonies digitifonn (fmger-shaped or cylindrical) 6

—Colonies clavate to capitate (conical or dome-shaped to torch-shaped) 9

6. Surface of coenenchyme with two distinct types and sizes of scierites—small radiates and large robust barrels

. Paramlnahea cosmarioides

—Scierites throughout the colony are not of conspicuously disparate sizes 7

7. Polyparium forms > 50% total colony length. Colonies from shallow water (< 30 m) 8

—Polyparium forms < 50% total colony length. Colonies from deeper water (> 70 m) Paraminahea indica

8. Scierites are eight-radiates and elongate barrels Paraminahea aklersladei

—Scierites are radiates, robust barrels and tuberculate spheroids Paraminahea rohusta

9. Colonies conical, short (usually wider than long); stalk inconspicuous (< length of polyparium); scierites include double

stars Paraminahea goslineri

—Colonies dome-shaped or torch-shaped, (usually longer than wide); stalk variable in length (usually > length of

polyparium); scierites are exclusively barrels and radiates Paraminahea acranocephala

Minabea Utinomi, 1957

Minahea Utinomi, 1957:139; Utinomi and Imahara, 1976:206 (in part). Tixier-Dutivault, 1987:154. Williams,

1992:2 (in part).

Anthomastiis {non Veirill, 1878): Benham, 1928:79.

Type Species.— Anthovmstus phalloides Benham, 1928 by subsequent designation (present

work); New Zealand.

Revised Generic Diagnosis.— Alcyoniid soft corals, digitiform (unbranched, finger-shaped

and tapering distally). Polyps dimorphic. Polyparium conspicuously longer than stalk. Polyps evenly

distributed over surface ofpolyparium, retractile, without calyces or scierites. Siphonozooids crowded

between autozooids, numerous and conspicuous, 0.4—0.7 mm in diameter, 1/3-1/2 diameter of

retracted autozooids. Scierites densely set: predominantly radiates in the surface layers, radiates and

short spindles in the stalk interior, and numerous spiny rods more-or-less longitudinally disposed in

the canal walls of the polypary.

Diversity and Distribution.— A monotypic genus from central Japan (250-270 m) and New
Zealand (139-1 79 m).

Minabea phalloides (Benham, 1928)

Figs. 1,2,3,4, 15, 16

Anthomastus phalloides Benham, 1928:79.

Minabea phalloides: Utinomi and Imahara, 1976:21 1. Williams, 1992b: 19, 23.

Minabea ozakii Utinoini, 1 957: 1 39.

Material Examined.— NMNZ Cn 807 (NZOI Stn R8
1 ), New Zealand, North Island, Bay of

Plenty, 37°35.9'-37.6'S 176°59.5'-59.8'E, 139-179 m depth, 20 January 1979, collected on NZOI

cruise; three specimens total: two whole specimens and one partial specimen that is inissing the stalk.

Description.— Growth form and size. The three specimens examined measure 43 mm and

73 mm in length (whole specimens), and 73 mm in length (partial specimen). The smallest specimen

is attached to the inside of a clam shell. The three specimens vary in minimum width from 5-7 mm,

and in maximum width from 1 6-1 8 mm. The specimens are elongate digitiform, slightly to distinctly

curved, and are conspicuously tapered toward the rounded distal terminous (Fig. 1 A represents the

73 mm whole specimen). The polyparium and stalk are distinctly demarcated. The polyparium is

longer than the stalk. The stalk constitutes 1 7-38% of the total colony length (Fig. 1 A).



340 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES
Volume 51, No. 7

Figure 1 . Minaheaphalloidcs. A. Entire colony, 73 mm in length; B. Detail ofthe polypariiim surface showing one autozooid

and numerous siphonozooids, diameter of diagram represents 2.7 mm; C. Portion of gastric cavity wall showing disposition

of sclerites of spiny rods, scale bar = 0.2 mm; D. A single rod from gastric cavity wail (polyparium interior), 0.2 1 mm in length.
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FiciURE 2. Sclerites of Minahca phalloides. A. Sclerites from the surface of the polyparium; B. Sclerites from the interior of

the polyparium; C. Sclerites from the surface of the stalk; D. Sclerites from the interior of the stalk. Scale bar = 0. 1 mm.
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Figure 3. Minahea phalloides. Scanning electron micrographs of sclerites from the surface of the polypariiim. A. 0.26 mm;
B. 0. 1 8 mm; C. 0. 1 6 mm; D. 0.06 mm; E. 0.04 mm; F. 0.05 mm; G. 0.05 mm.
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Figure 4. Minabeaphalloides. Scanning electron micrographs of sclerites from the surface of the stalk. A. 0.05 mm; B. 0.07

mm; C. 0. 1 5 mm; D. 0. 1 2 mm; E. 0.08 mm; F. 0.06 mm.
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Polyps. The polyps are evenly distributed throughout the polyparium. The preserved expanded

anthocodiae average 2 mm in diameter, and have slender tentacles with 1 0-1 5 pinnules per side. The

siphonozooids are numerous and conspicuous, disposed between the autozooids, each measuring

approximately 0.4 mm in diameter (Fig. IB).

Sclerites. The sclerites throughout the colonies are densely set and are predominantly radiates

and spiny rodlike forms. A few triradiate or cross-shaped forms are also present. The rods of the

polyparium are numerous and elongate, whereas any similar sclerites in the stalk are much fewer,

shorter and stouter (Fig. 2). Surface samples may also include a few subsurface rods between 0.13

and 0.27 mm. These rods (Fig 2A, 3A—C) are relatively spiny, with smooth, conical to somewhat

acute tubercles towards both ends, the middle portions often being devoid of prominences. Although

the interior of the polyparium includes a few radiates immediately below the surface (0.04—0.09 mm),

further within, the walls of the gastric cavities exclusively contain these spiny rods, numerous, often

clustered, more-or-less longitudinally disposed, and 0.14-0.23 mm long (Fig. IC, D). The surface of

the stalk contains mostly six- and eight-radiates that are 0.06-0.12 mm long, and elongate forms,

0.12-0.15 mm long, with two girdles of prominences (Fig. 2C). The interior of the stalk has six- and

eight-radiates, 0.04-0.10 mm long, and robust, sparsely ornamented spindles, 0.15 and 0.18 mm in

length (Fig. 2D), which do not have a middle portion devoid of pronounced tubercles (Fig. 4C), as is

the case with the rods of the polyparium (Fig. 3A—C). In addition, the tubercles of the stalk spindles

are more pronounced than those of the polyparium rods (compare Fig. 2D with 2A).

Color in alcohol-preserved specimens. The color of the stalk is grey-white to cream white. The

polyparia are pale yellow-orange, sometimes lighter distally approaching grey-white to cream white.

The autozooids are white. The sclerites from the middle of the polyparium are pale yellow, while

those of the stalks are colorless.

Distribution.— New Zealand, 1 39-1 79 meters in depth; and Honshu, Japan, 250-270 meters

in depth (Figs. 15C, 16).

Remarks.— The holotype was not available for examination and cannot be located at present.

In addition, the type locality is uncertain. Benham (1928:79) states, "A single colony was obtained

by Hon. G. M. Thomson during the experimental fishery cruise in the G.S.Y. 'Hinemoa,' in 1915.

Unfortunately neither the exact station at which it was dredged nor the depth was noted, but it seems

probable that it was somewhere in Foveaux Strait." All recently collected material is from the opposite

end of the country, in the Bay of Plenty (Fig. 15C).

The holotype of Minahea ozakii Utinomi, 1957, for which the genus Minahea was originally

proposed, cannot be located at present. The type locality is recorded as the Kii Strait, southwest of

the town of Minabe, southern Honshu, and Utinomi's description is sufficiently detailed to show that

the Japanese specimen is morphologically indistinguishable from the New Zealand material of

Minabea phalloides . Because ofthe lack ofdifferentiating morphological characters, we here consider

Minabea ozakii as ajunior synonym oiMinabea phalloides, despite the fact that the taxon is comprised

of two remarkably disjunct populations.

Utinomi and Imahara (1976:21 1) considered Anthomastus agilis Tixier-Durivault, 1970 from

New Caledonia to be a possible synonym of Minabea phalloides. However, Alderslade (1994) has

shown the taxon of Tixier-Durivault to be included in the genus Sinularia.

Paraminabea gen. nov.

Minabea {non Utinomi, 1957:139): Utinomi and Imahara, 1976(inpart):206. Bayer, 1981:913. Tixier-Durivault,

1 987: 1 54. Williams, 1 992b ( in part):2.

Belhmella {non Gray, 1862):Thomson and Henderson, 1905:274; Bayer, 1974:261; Faulkner and Chesher,

1979:267, pi. 22.

Alcyonium (non Linnaeus, 1758): Thomson and Mackinnon, 1910:174.
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Diagnosis.— Alcyoniid soft corals with colonies commonly unbranched and dome-shaped or

hemispherical to digitifonn, or rarely digitate/lobate with few branching processes. Polyps dimorphic.

The distal polyparium arises from a proximal stalk that is variable in length. Polyps evenly distributed

over surface ofpolyparium and capable ofcomplete retraction, calyces and sclerites absent. Siphono-

zooids numerous to scarse, small to minute (< 0.3 mm in diameter; < 1/3 diameter of retracted

autozooids), distributed between the autozooids. Sclerites ofsurface and interior ofcolony are densely

set: mostly barrels and six- or eight-radiates; spindlelike forms derived from radiates, and tuberculate

spheroids may also be present; seven-radiates or double stars sometimes occurring. Color red, orange,

yellow or pinkish white to cream white.

Diversity and Distribution.— Eight species in the genus are here considered valid (Table

1); with an Indo-West Pacific distribution from southeastern Africa, Seychelles, the Maldives, and

Sri Lanka to Japan, Guam, Chuuk and Fiji (Figs. 15, 16); 1-370 m in depth.

Type Species.— Bellonella indica Thomson and Henderson, 1905, here designated.

Paraminabea acronocephala (Williams, 1992)

Figs. 5B-E, 6, 7, 8, 9, 15B, 16

Minahea acronocephala Williams, 1992b:3. Gosliner, Behrens. and Williams 1996:35.

Material.— CAS 101094, Solomon Islands, N.Russell Group, Karomolun Island, 1 1 m depth,

14 November 1994, Gary C. Williams using SCUBA, one specimen in two pieces.

Diagnosis.— Growth form clavate to torch-shaped with distal-most portion of stalk slightly

wider than polyparium. Hemispherical polyparium represents distal-most 1 /3 of entire colony length.

Sclerites are six- to eight-radiates and barrels, 0.05-0.1 1 mm long. Color of polyparium in the living

animal as well as the wet-preserved specimen is deep yellow, with stalk pale orange.

Description.— Growth form and size. The specimen is 20 mm in length with a maximum
width of 10 mm, unbranched and clavate, lamp-shaped to torch-shaped (Fig. 6A). The stalk and the

polyparium are distinctly delimited by a somewhat undulating border. The polyparium is shorter than

the conspicuous stalk. The stalk is prominent and elongate, the length being approximately twice its

width. The proximal holdfast region of the stalk is spread. The distal-most portion of the stalk is

distinctly flared and slightly wider than the polyparium, representing the widest portion of the entire

colony. The polyparium is hemispherical and represents approximately 33% of the entire colony

length, while the stalk and holdfast comprise the remaining 67% (Fig. 6A).

Polyps. The polyps are all tightly retracted. The autozooids are represented by slightly indented

pits, evenly distributed over the surface of the polyparium. The siphonozooids are minute, indistinct,

and scattered between the autozooids (Fig. 68).

Sclerites. The sclerites throughout the specimen are radiates and robust barrels. Sclerites of the

polyparium and stalk interior are generally larger and more robust than those of the surface

coenenchyme. Sclerites from the surface of the polyparium are radiates and relatively narrow barrels,

0.05-0.09 mm in length (Fig. 7A); some of the radiates are only very sparsely ornamented and may
be sclerites still in the process of developing. Sclerites from the interior of the polyparium are mostly

robust barrels, often with distinct medial waists. Most of these vary between 0.08 and 0.12 mm in

length (Fig. 7B). The surface ofthe stalk contains sclerites that are radiates and relatively small barrels,

0.05-0.08 mm in length (Fig. 7C). The interior of the stalk contains mostly robust and slightly larger

barrels, 0.07-0.10 mm in length (Fig. 7D).

Color in living animal and alcohol-preserved specimen. The upper portion of the stalk, and

the polyparium, are deep yellow, while the lower part of the stalk and holdfast are salmon orange.

The sclerites of the polyparium are yellow, while those from the middle of the stalk are pale

orange-yellow.
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pKiURE 5. A. Parainiiuihca arhorea sp. nov., underwater photograph ot'the paratype in lite (NTM C-l 2559) from Zambales,

Luzon. Phihppines (photograph by Patrick Colin, CRRF). B-E. Paraminaheu acronocepluiki. B. Underwater photograph of a

yellow form in life. Banana Rock, Madang Barrier Reef Papua New Guinea, 23-26 m depth, 19 June 1992 (photograph by

Gary Williams, CAS); C. Underwater photograph of voucher specimen in life (CAS 094306) from Madang. Papua New Guinea

(photograph by Gary Williams. CAS); D. Underwater photograph of a yellow and red fomi in life, Rasch Passage. Madang
Barrier Reef, Papua New Guinea, 15-21 m depth, 17 June 1992 (photograph by Gary Williams, CAS); E. Underwater

photograph of voucher specimen in life (CAS 1 1 1926) from Somosomo Straits, Fiji (photograph by Patrick Colin. CRRF).
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Figure 6. Phenotypic variation in Paraminabea acwnocephala. A. Specimen from Solomon Islands, 20 mm long x 10 mm
wide (CAS 1 1 094); B. Detail from the polyparium in A showing a single autozooid surrounded by five siphonozooids, diameter

of figure 2.5 mm; C. Specimen from Fji, 16 mm long x 18 mm wide (CAS 1 1 1926). D-F. Specimens from Madang, Papua

New Guinea. D. 13 mm long x 7 mm wide (CAS 078417); E. 15 mm long x 17 mm wide (CAS 094306); F. 6 mm long x 8

mm wide (CAS 078417).
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Figure 7. Sclerites oi Paraminabea acronocephala. A. Sclerites from the surface of the polyparium; B. Sclerites from the

interior of the polyparium; C. Sclerites from the surface of the stalk; D. Sclerites from the interior of the stalk. Scale bar = 0.

1

mm.
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Figure 8. Paraminahea acronocephala. Scanning electron micrographs of sclerites from the surface of the poiyparium of

specimen shown in Figure 6A. A. 0.09 mm; B. 0.07 mm; C. 0.08 mm; D. 0.07 mm; E. 0.06 mm; F. 0.06 mm.
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Figure 9. Panimimihea acronoceplnila. Scanning electron micrographs of sclerites from the surface ofthe stali< ofspecimen

shown in Figure 6A. A. 0.05 mm; B. 0.08 mm; C. 0.07 mm; D, 0.08 mm; E. 0.07 mm.

Distribution.— The specimen is from the Russell Group (Solomon Islands). This variable

species is also known from the Madang region and the Louisiade Archipelago (Papua New Guinea),

as well as Fiji (Williams 1992, and the present work) (Figs. 15B, 16).

Remarks.— This specimen differs from all others known of the species by having a prominent,

elongated stalk and heinispherical polyparium (see discussion of phenotypic variability).
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Paraminabea arborea sp. nov.

Figs. 5A, 10, 11, 12, 13, 15A, 16

Material.— Holotype: CAS 112114, Japan, Ryukyu Islands, Okinawa, Serigaki, 68 m depth,

1 2 February 1 995, Robert F. Bolland using SCUBA, one whole specimen. Paratype: NTM C- 1 2559,

Philippines, Luzon, Zambales, Luan Island near Masinloc Town (15° 29.06 N; 1 19°54.4rE), 10-12

meters depth, 1 May 1995, Pat Colin using SCUBA, one whole specimen.

Diagnosis.— Growth form digitate, with 3—6 somewhat curved fmgerlike processes, rounded

to slightly clavate distally, not pointed or tapered. Main trunk tapers distally. Stalk represents the

proximal-most one sixth ofthe total body length. Sclerites mostly robust barrels (0.06-0. 1 mm long)

and six to eight radiates (0.04—0.06 mm long). Color in life as well as preserved is red-orange, with

yellow dots representing retracted autozooids.

Description.— Growth form and size. The holotype is 64 mm long while the paratype is 49

mm in length. The branched polyparium arises from a short robust stalk. The polyparium comprises

approximately 80% of the total length of the colony in the holotype, and approxirnately 87% in the

paratype. The proximal-most portion of the holotype is represented by a holdfast region that spreads,

and in the paratype it is slightly flared from the rest ofthe stalk. The holotype has six relatively narrow,

digitate processes that are curved throughout their length, and are rounded or slightly clavate distally

(Fig. 10). The paratype has four such processes. The digitate processes arise at different levels along

the length of the main trunk, which is elongate, upright, and tapers distally.

Polyps. Several autozooids with their white anthocodiae protrude from the polyp apertures in

the preserved holotype. Maximum diameter of the tentacle spread is 1.7 mm. Tentacles have about

18 pinnules arranged more or less in two rows down each edge. The siphonozooids are sparsely

arranged between the autozooids and are minute (ca. 0. 1 mm in diameter) (Fig. 1 OC). They appear as

small yellow hemispherical protuberances on the surface of the polyparium (Fig. 5 A).

Sclerites. Sclerites of the surface of the polyparium are mostly barrels 0.07-0.09 mm long and

six- or eight-radiates 0.03-0.06 mm in length (Figs. 11 A, 12), while those of the interior of the

polyparium are slightly larger and more robust barrels, 0.10-0.11 mm in length (Fig. IIB). The

surface ofthe stalk contains sclerites that are mostly six-radiates 0.04—0.08 mm long and robust barrels

0.09-0.1 1 mm in length (Figs. 1 IC, 13). The interior of the stalk contains mostly barrels 0.07-01

1

mm in length; some of these may approach tuberculate spheroids (Fig. 1 ID).

Color of living and wet-preserved material. The color of the coenenchyme is predominantly

red-orange approaching brick red. The expanded autozooids are white, and the numerous yellow spots

on the surface of the colony are the closed polyp apertures. The sclerites are very pale orange to

colorless and mostly transparent.

Distribution.— Luzon (Philippines) and Okinawa (Ryukyu Islands, Japan); 10-68 m depth

(Figs. 15A, 16).

Etymology.— The specific epithet is derived from the Latin, arbor (tree); in reference to the

sparsely branched growth form characteristic of this species.

Remarks.— This species is the only member of the genus with a digitate/lobate growth form

besides Paraminabea indica (see description below). Paraminabea indica can be digitiform or lobate

with thick short lobes arising from a short common base at roughly the same level (Fig. 14), while P.

arborea is digitate with several narrow fmgerlike processes arising from an elongate common trunk

at different levels (Fig. 1 0). All other described species are unbranched and digitiform to dome-shaped

(Table 1 ). Some species of the alcyoniid genus Eleutherobia may be lobate to digitate such as E.

somaliensis Verseveldt and Bayer, 1988, which superficially resembles Paraminabea arborea.

However, Eleutherobia differs from Paraminabea in having monomorphic polyps, not dimorphic

ones.
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Figure 10. Paraminahea arborea sp. nov. A. Holotype, 64 mm in length; B. Paratype, 49 mm in length; C. Detail of the

polyparium surface showing one autozooid surrounded by thirteen siphonozooids, diameter of diagram 2.7 mm.
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Figure 1 1. Sclerites of Paraminahea arhorea sp. nov. A. Sclerites from the surface of the polypariiim; B. Sclerites from
the interior of the polyparium; C. Sclerites for the surface of the stalk; D. Sclerites from the interior of the stalk. Scale bar =

0.1 mm.
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Figure 12. Pamminabea arborea sp. nov. Scanning electron micrographs of sclerites from the surface of the polyparium

of the holotype. A. 0.04 mm; B. 0.05 mm; C. 0.05 mm; D. 0.04 mm; E. 0.08 mm; F. 0.07 mm.
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Figure 13. Pamminahea arborea sp. nov. Scanning electron micrographs of sclerites from the surface of the stalk of the

hoiotype. A. 0.07 mm; B. 0. ! mm; C. 0.06 mm; D. 0.08 mm; E. 0.09 mm; F. 0.08 mm.



WILLIAMS AND ALDERSLADE: REVISIONARY SYSTEMATICS OF MINABEA 357

Paraminabea indica (Thomson and Henderson, 1905)

Figs. 14, 15

Bellonclla indica Thomson and Henderson. 1905:274, pi. 6, fig.5. Noii Bayer, 1974:261. Non Faulkner and

Chesher, 1979:267, pi. 22.

Alcvoniiim indicum Thomson and Mackinnon, 1910:174, pi. 12, fig. 7.

Minahea indica: Williams, 1992b: 14. figs. 10, 1 1.

Material.— HolotypeiNHM Reg. No. 1933.3 13/206 (labeled as iV/V/a//V///?^//a/). Sri Lanka.

South of Galle: deep water. Sir J. A. Thomson Collections, one specimen in which part of the

polyparium has been cut away longitudinally and is missing.

NHM Reg. No. 1 9 1 2.2.24.72. Seychelles, 39 fathoms; Alcyonium indicum specimen ofThomson

and Mackinnon.

Redescription.— A redescription of the holotype was provided by Williams (1992), but the

sclerites are figured in the present paper (Fig. I40-Q) for comparative purposes. A redescription of

the specimen o^ Alcyonium indicum described by Thomson and Mackinnon in 1910 follows.

Growth form and size. The specimen is 40 mm in height. The lobate polyparium arises from

the stout stalk (Fig. 14A). A portion of the surface of the stalk has been cut away. The stalk measures

1 5 mm at its widest diameter. The polyparium comprises no more than 50% of the length of the

specimen. The three lobes of the polyparium arise from the stalk at approximately the same level.

One of these three lobes has been cut away and is missing. The base of this lobe is 6 mm in diameter.

The remaining lobes are short, stout, and rounded at the tips, not tapering. The central one is 1 7 mm
long and 7 mm wide, while the lateral one is 16 mm long by 8 mm wide.

Polyps. The autozooids appear as small yellow spots distributed evenly over the surface of the

polyparium. Some of these form low, rounded protuberances (ca. 0.8 mm in diameter). The siphono-

zooids are apparently sparsely distributed, and are minute and difficult to observe in the tightly

retracted specimen. Some occur only as very minute pores between the autozooids.

Sclerites. The sclerites are robust barrels (many of which are only slightly longer than wide),

radiates that vary as six-, seven-, or eight-radiates, and some forms that approach double stars.

Sclerites from the polyparium surface and interior are similar, and are more variable in form than the

stalk sclerites. The polyparium has barrels, radiates, and double stars, while the surface and interior

of the stalk contains many robust barrels with some radiates (Fig. 14B, C). These sclerite characters

are similar to that of the holotype oi Paraminabea indica (Fig. 14E-Q).

Color of alcohol-preserved specimen. The specimen is uniform reddish orange, with lemon

yellow dots representing the closed autozooid apertures.

Distribution.— Indian Ocean: Sri Lanka ("deep water," Thomson and Henderson 1905:275),

the Seychelles (71m, Thomson and MacKinnon 1 9 1 0: 1 74), and possibly the Maldi ve Islands (ca. 1

m, Schuhmacher and Hinterkircher 1996:50)(Fig. 15).

Remarks.— Both Paraminabea indica and P. arborea sp. nov. may appear branched (digitate

or lobate), the only two species in the genus observed to have this growth form. Because of this

superficial similarity, it was necessary to compare the specimens of P. indica with those of the new

species. (See Remarks for P. arborea sp. nov. for differentiation of these taxa).

The lobate specimen of Alcyonium indicum was compared with that of the digitiform holotype

ofParaminabea indica in order to ascertain whether the two are indeed conspecific or represent two

separate species. Comparative investigation shows them to be conspecific in our opinion. Sclerite

form and distribution are consistent in both specimens, as is the fact that the polyparia and the stalks

of both specimens each occupy approximately half of the total specimen length.
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Discussion

Phenotypic Variability.— The proliferation of intraspeclfic phenotypic variability in seden-

tary marine animals has been noted or described by several authors, including Veron (1986:60;

1995:14) and Miller (1995) for scleractinian corals, and for octocorals Hickson (1907:25—36), J. S.

Thomson (1921:165, 166), Groot and Weinberg (1982:293), Verseveldt (1980, 1982, 1983), and

Williams (1986:255; 1992a:282; 1992c:383, 384). The high degree of variation in many soft corals

is at least partly attributable to localized isolation of populations, lack of mobility in adults, and

ephemeral larval stages with limited or short-range dispersal capabilities (Williams 1986:255).

Potts ( 1 984:48) linked a potential cause ofprolific variability in Indo-Pacific reefcorals to chronic

environmental disturbances such as sea level fluctuations associated with glacial cycles. Veron

(1995:126) stated that glacio-eustatic changes have affected tropical western Pacific reef coral

diversity to a greater degree than in other areas of the world, due largely to the vast extent of

shallow-water habitat in the region. These pronounced environmental perturbations have produced a

complex mosaic of faunas over time, through the alternation of environmental regimes (marine vs.

terrestrial), the isolation of refugia, and the subsequent repopulation of previously non-marine areas

with the concomitant overlap of relictual forms from the various high diversity refugia.

Millard (1978:182), working with hydroids, concluded that at least two factors are indicators of

an active region of evolutionary radiation: the proliferation of intraspecific phenotypic variation and

a preponderance of endemic taxa. Regarding the octocoral fauna, Williams (1992c:384) suggested

that in the region of overlap between the Indo-Pacific and the Cape Endemic Province in southern

Africa, a high degree of endemism is derived from older and well-established components of the

fauna, while the prolific phenotypic variability observed in these endemics is associated with a more

recent result of repetitive glacio-eustatic disturbances during the past several million years.

Related to this, regarding genotypic variation, Sole-Cava and Thorpe (1991:66, 69) provide

evidence for very high levels of genetic variation for marine sponges and coelenterates in general.

Figure 1 6 shows the ranges ofthe six presumably endemic species ofMinabea and Paraminahea

in the western Pacific. Of these six, Paraminahea acronocephala exemplifies, by far, the greatest

range of phenotypic variation regarding growth form and color (Fig. 6). Williams (1992b:5, fig 2D)

illustrates variation in colony shape at the type locality of this species.

Recently collected material from throughout the range of the species shows a wide spectrum of

variation in growth form. The specimen from the Solomon Islands described above (CAS 101094)

has an elongate stalk that flares toward its distal end, which represents the widest portion of the entire

colony. The polyparium is hemispherical and is narrower than the distal part of the stalk. The stalk

represents two thirds while the polyparium is approximately one third of the total colony length (Fig.

6A). The specimen is bicolored, deep yellow and salmon orange.

A recently collected specimen from Fiji (CAS 1 1 1926) (Figs. 5E, 6C) resembles the Solomon

Islands material except that the stalk is extremely short. The polyparium is hemispherical and narrower

than the smooth bandlike upper portion of the stalk. The holdfast and lower portion of the stalk are

< 5 mm in length, and comprise < 5% of the total colony length. Color of the specimen is uniform

rust orange to reddish brown.

Somewhat similarto the Fiji material is a specimen from Papua New Guinea (CAS 0784 17) (Figs

5C, 6E). It also has a hemispherical polyparium atop a short stalk. The uppermost portion of the stalk

is smooth and bandlike and exceeds the width of the polyparium. The lower portion of the stalk tapers

proximally. The stalk and holdfast constitute approximately 50% of the length of the specimen. Color

is yellow-orange with retracted autozooids shown as red eight-pointed stars on the surface of the

polyparium.

Two other specimens, also from the north coast of Papua New Guinea (both CAS 0784 1 7) (Figs.

6D, F) differ significantly from those with hemispheric polyparia, by having relatively flattened or
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Figure 14. Paraminahea indica. A. Specimen oVAlcyoniiim indicum" described by Thomson and Mackinnon (1910:174,

pi. 12, fig. 7) from the Seychelles, 40 mm in length; B. Sclerites from the surface of the stalk; C. Sclerites from the surface of

the polyparium. scale bar = 0.1 mm; D. Holotype of Bellonella indica Thomson and Henderson (1905:274, pi. 6, fig. 5) from

Sri Lanka, 20 mm in length. E-M. Sclerites from the surface of the polyparium. E. 0.50 mm; F. 0.06 mm; G. 0.05 mm; H. 0.05

mm; 1. 0.05 mm; J. 0.07 mm; K. 0.05 mm; L 0.07 mm; M. 0.07 mm. N-Q. Sclerites from the surface of the stalk. N. 0.08 mm;

O. 0.08 mm; P. 0.08 mm; Q. 0.07 mm.
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Figure 16. Map of the western Pacific Ocean showing geographic ranges for tlve species of the genus Paraminahea and

the monotypic genus Minahea .

low rounded polyparia where the polyps are restricted to the distal-most extremity of the colony. The

first-mentioned specimen has an elongated stalk while the second is dome-shaped with a shorter stalk.

Both specimens show the distal-most portion of the stalk as the widest portion, a feature that is

characteristic for the species.

Color of Bismarck Sea material is variable, from uniformly yellow or orange-red to bicolored

yellow and orange with varying amounts ofred-orange. Some specimens are yellow with red polyparia

or with retracted autozooids showing as red eight-pointed stars on the polyparium surface.

DiSTRiBUTiONOFTHE Genera M//v.4fi£/4ANDP/4/?/iM/A'/iS£/i (see Table 1; Figs. 15, 16).— These

genera are recorded from the following localities, and range in depth from 1—370 m (Williams,

1992b: 12, 17). First records are shown in parenthesis. Indian Ocean: Transkei and Natal, South

Africa (Williams 1992a:314 for Paraminahea cosmarioides and P. kosiensis)\ Maldive Islands

(Schuhmacher and Hinterkircher 1996:50 for Paraminahea sp. indet.); Seychelles (Thomson and

MacKinnon 1910:174 for Paraminahea indica as Alcyonium indicum); Sri Lanka (Thomson and

Henderson 1905:274 for Paraminahea indica as Bellonella indica); Rowley Shoals, Western Austra-

lia (Williams 1992b:7 for Paraminahea aldersladei). Western Pacific Ocean: Malaysian Borneo,

the Philippines, and the Solomon Islands (Gosliner, Behrens, and Williams, 1 996:35 for Paraminahea

aldersladei and P. acronocephala); Great Barrier Reef, Papua New Guinea, Fiji, and Guam (Williams

1992b; 5, 13 for Paraminahea aldersladei, P. acronocephala, and P. goslineri); Palau (Bayer
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1974:261 for Paraminahea aldersladei as Bellonella indica); New Zealand (Benham 1928:79 for

Minahea phalloides as Anthomastus phalloides); Okinawa (present work for Paraminabea arborea);

Honshu, Japan (Utinomi 1957: 144 for Minohea phalloides as M. ozakii)\ Chuuk, Federated States of

Micronesia (present work, CAS No. 096509, Paraminabea aldersladei, ).

Ofthe six presumably endemic species in the western Pacific {Minabea phalloides, Paraminabea

acronocephala, P. aldersladei, P. arborea sp. nov., P. goslineri, and P. robusta), P. aldersladei shows

the greatest contiguous range of distribution, as well as some limited sympatry with P. arborea in the

northwest and P. acronocephala in the east. Minabeaphalloides and Paraminabea robusta also show

overlapping distributions. Minabea phalloides is the only taxon with a distinct disjunct distribution

(Fig. 16).

Regarding bathymetrics, Minabea and Paraminabea show wide depth distributions, unlike

other genera of the Alcyoniidae such as Sinularia, Lobophytum, Sarcophvtum, and Cladiella.

Minabea and Paraminabea are azooxanthellate taxa, differing in this regard from the other four

genera, which are zooxanthellate and restricted to the relatively shallow water of coral reefs. The lack

of zooxanthellae allows Minabea and Paraminabea to inhabit a wide range of depths, as well as a

greater variety of habitats such as caves and alcoves.

Key to the Genera of Alcyoniidae with Dimorphic Polyps

(Revised from Williams 1990:34)

A revised key is provided here, which utilizes new data and enables easy differentiation of the

various dimorphic alcyoniid taxa.

1. Colonies with trimorphic polyps; mesozooids present Heteropolypiis

—Colonies with dimorphic polyps only; mesozooids absent 2

2. Polyparium capable of partial or complete retraction into the stalk 3

—Polyparium incapable of partial or complete retraction into the stalk 4

3. Polyps disposed on several digitiform lobes that are capable of at least partial retraction into the stalk. Stalk not

covered with a homy cuticle Curotalcvon

—Polyps disposed on a rounded capitulum that is capable of complete retraction into the stalk. Stalk covered with a

homy cuticle Malacacaiuhus

4. Colonies capitate with a hemispherical or spherical capitulum, digitifomi with a tapering polyparium, or

digitate/lobate 5

—Colonies with a broad polyparium either flared and discoidal often with deep open marginal folds, or surface with

numerous often crowded closed folds or lobes that vary from low and hemispherical to digitifomi or ridgelike ... 9

5. Colonies capitate 6

—Colonies digitiform or digitate/lobate 7

6. Coenenchymal sclerites are double stars and spiny rods Aiuhomastiis ('mc\ud'mgBaihyalcyon)

—Coenenchymal sclerites are eight radiates and/or double stars, barrels and tuberculated spheroids Verseveldtia

1. Sclerites are numerous stout thom clubs Acroplnium

—Sclerites are mostly radiates, sometimes with spindles or spiny rods 8

8. Sclerites are predominantly radiates and spiny rodlike fonns. Siphonozooids are large (0.4—0.7 mm in diameter; or

1/3-1/2 the diameter of retracted autozooids) hUmibea

—Sclerites are predominantly radiates, sometimes barrels, double stars, or spindles derived from radiates. Siphono-

zooids are small to minute (< 0.4 mm in diameter; or < 1/3 the diameter of retracted autozooids) .... Puramimihea

9. Polyparium is broadly flared and discoidal often with deep open marginal folds. Surface of polyparium smooth.

Coenenchymal sclerites are small clubs and strong spindles with irregularly arranged tubercles Surcophylou

—Polyparium margin with numerous, often crowded, closed folds or lobes that vary from low and hemispherical to

digitiform. Surface of polyparium often with lobes or plications. Coenenchymal sclerites are spindles with tuber-

cles often arranged in transverse girdles Lobophytum
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Three new species of Halgerda are described from the tropical Indo-Pacific. Halgerda

dalanghita sp. nov. is known from South Africa, Papua New Guinea and the Philippines.

Halgerda dichromis sp. nov. is known from South Africa. Halgerda toliara sp. nov. is

described from Madagascar. Comparison of the three new species is made with the original

description and newly collected specimens of the t\pe species, Halgerda formosa Bergh

1880 and other described members of the genus. The coloration, reproductive system and

the radular morphology of these new species differ significantly from H.formosa and other

previously described Halgerda species. Specimens oiHalgerdaformosa have been misiden-

tified as H. punctata Farran, 1905 in recent literature and are compared here. Although

these two species share some characteristics, they differ significantly in external and

radular morphology.

Bergh (1880) introduced the genus Halgerda with the type species Halgerda formosa, based on

a single specimen collected from La Reunion, and provided a description of the living animal based

on the field notes of Dr. Koerbl, the collector. According to Bergh, the external coloration of this

species is yellowish white with ""orange-yellow stripes and black spots on its back, and black

rhinophores" (Bergh 1880). Bergh described the preserved animal as having ridges which branch

around the gills and rhinophores. His illustration of a second specimen from Mauritius (Bergh 1888,

pi. 77, fig. 10) shows distinct dorsal ridges.

Farran (1905) introduced Halgerda punctata collected from Ceylon by Professor Herdman in

1902. Both Farran's description and illustration indicate large blunt tubercles arranged along the

dorsum in a reticulate pattern. He also stated that in a second specimen, the ridges were "almost

obsolete." Farran cited other differences between H. punctata and H. formosa. These differences

included radular morphology, size and shape of both the foot and the anal papilla, and the number of

gill branchia. Recent workers (Rudman 1978; Gosliner 1987; Wells and Bryce 1993) have suggested

that H. punctata may be a synonym of H. formosa. The taxonomic relationships of these two nominal

species are revised in the present study.

This paper describes three new species of Halgerda, which like H. formosa, are found in the

Indian Ocean.

All material studied is deposited in The Natural History Museum of London (BMNH), the

Department of Invertebrate Zoology and Geology of the California Academy of Sciences (CASIZ)

and the South African Museum (SAM).
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Species Descriptions

Family Halgerdidae Odhner, 1926

Genus Halgerda Bergh, 1880

Type Species.— Halgerda fonnosa Bergh, 1880, by monotypy.

Remarks.— Odhner (1926) introduced the family name Halgerdidae for Halgerda, and Thiele

(1931) introduced Asteronotidae for Asteronotus. Odhner in Franc (1968) suggested that both family

names are synonymous and included the genera Aphelodoris, Halgerda, Sclerodoris and Asteronotus

.

He employed Asteronotidae for the family despite the fact that Halgerdidae was used earlier and has

priority. Others (Willan and Coleman 1984; Wells and Bryce 1993; Rudman 1998) have united most

of the cryptobranch dorids into the single family Dorididae with or without employing a series of

subfamilies. This approach unites more than sixty genera into a single unwieldy family which does

not reflect phylogenetic relationships.

Since Halgerdidae is the older available name, we prefer to continue to place Halgerda,

Sclerodoris, Aphelodoris and Asteronotus together in Halgerdidae, pending a complete phylogenetic

analysis of the cryptobranch dorids.

Halgerdaformosa Bergh, 1880

Figs. lA-B, 2, 3A

Halgerda fonnosa Bergh, 1880:190-195, pi. 4, figs. 15-20; pi. 5, figs. 10-12. 1888:822-826, pi. 77, figs. 10,

II; pi. 81, figs. 13-17.

Halgerda punctata Rudman, 1978:67, figs. 3 A, 7, 8. misidentification; not H. punctata Farran, 1905.

Halgerda punctata Gosliner, 1987:69, middle photograph, misidentification; not H. punctata Farran, 1905.

Halgerda punctata Wells and Bryce, 1 993: 1 06, top photograph, misidentification; not H. punctata Farran, 1 905.

Material Examined.— BMNH Reg. No. 1 998027, Ace. No. 2350, one specimen, dissected. Grand Baic,

Mauritius, 5 March 1990, H. Debelius. CASIZ 099340, one specimen, dissected, NE side Manahuanja Island,

Msimbati, Mtwara Region, Southern Tanzania, 2 m depth, 4 November 1994, T. M. Gosliner.

Distribution.— Halgerda fonnosa was originally described from Reunion Island (Bergh

1880), and later reported from Mauritius (Bergh 1888). Recent collections of specimens indicate that

it is also found off Zanzibar (Rudman 1978), southern Tanzania (present study), Western Australia

(Wells and Bryce 1993) and Sodwana Bay, South Africa (Gosliner 1987).

External Morphology.— The preserved animals studied (CASIZ 099340 and BMNH 2350)

measured 12 mm and 7 mm respectively. The body is firm and smooth, but rigid. The body profile

is high and the dorsum has a series of low, angled ridges arranged in a reticulate pattern. There are

no conical tubercles at the junctions of the ridges. The ground color of the dorsum and foot is whitish

with a gray tinge. The ridges are lined with yellow-orange, with shorter, thinner yellow-orange lines

in the depressions between the ridges on one specimen (CASIZ 099340) which are absent in the other.

The ridges closest to the mantle margins have no yellow-orange coloration on them. There are small

white tubercles along the mantle margin. The mantle edge has a thin, white line around the

circumference. Along the edge of the mantle and on the foot are irregularly spaced, dark brown to

black spots. The chocolate brown viscera can be seen through the translucent notum.

The upright rhinophores are tapered towards the tips, which have black coloration subapically.

The black coloration extends down the posterior side of the translucent white rhinophores as a

longitudinal band. There are 1 7 to 19 transverse rhinophoral lamellae on the animals included in the

present study.
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Figure 1. A. Halgerda fnnnosa Bergh 1880 (CASIZ 099340). Specimen from NE side of Manahuanja Island. Mtwara

Region, Tanzania, photograph by T. M. Gosliner. B. Halgeniu fonnnsa Bergh 1 880. Specimen from Adiam's Reef Sodwana

Bay National Park, Natal, South Africa, photograph by T. M. Gosliner.
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Figure 2. Halgerda fnrmosa (CASiZ 099340). Scanning electron micrographs. A. Inner lateral teeth, scale = 20 |.ini; B.

Middle lateral teeth, scale = 43 \xm\ C. Outer lateral teeth, scale = 30 [im.

There are four tripinnate branchial leaves. The gills have black-lined branches and the pigment

encircles each branch tip. Within the gill rachis are numerous flattened, translucent structures that

appear glandular. The anal papilla is long and tubular with black coloration on both the posterior and

anterior sides. The oral tentacles are short and digitiform. Some black spots on the ventral side of the

foot are retained on the preserved animals.

Buccal Armature.— The labial cuticle is smooth and devoid of rodlets. The radular sac is

elongate, and the radular formula of one of the two dissected specimens is: 36 x 40.0.40 (CASIZ

099340). The inner 7-8 lateral teeth are hamate although the hook is much shorter than that of the
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middle lateral teeth (Fig. 2A). The middle lateral teeth are hamate with>a rounded point on the crest

(Fig. 2B). The 3 outer lateral teeth are modified with a series of fimbriate denticles (Fig. 2C).

Reproductive System.— The reproductive system is triaulic (Fig. 3A). The ampulla is long

and lies across the anterior of the female gland mass. The female gland mass is about the same size

as the prostate gland. The ampulla narrows very slightly as it enters the postampuUary duct and

bifurcates into the vas deferens and oviduct. The short oviduct enters the female gland mass. The vas

deferens separates from the ampulla and widens into the large, glandular prostate. The muscular

portion of the vas deferens leaves the prostate in a long, single duct with one half-loop, then widens

into the expansive penial bulb. The short uterine duct emerges from the female gland mass and joins

the receptaculum seminis duct near its entry to the receptaculum. The receptaculum duct is long,

convoluted and joins the oval receptaculum seminis with the larger, spherical bursa copulatrix

adjacent to the vagina. The bursa is completely covered by the larger prostate. The vaginal duct, which

emerges from the base of the bursa copulatrix, is short. There is a muscular sphincter at the entry to

the vagina. The enlarged muscular region of the vagina constricts before its exit in the center of the

genital atrium which has several deep fingerlike folds. Both the penis and the vagina are unarmed.

The genital atrium is wide and large.

Discussion.— Bergh ( 1 880) described the 23-millimeter, type specimen of Halgerdafonnosa

as having a white, high, oval body with a grayish tinge. The ridges were joined at two or three spots

on the dorsum situated between the rhinophores and the gills. The ridges branched around the gills

and rhinophores and continued to the mantle edge (Fig. lA). Bergh (1880) reported the branches of

the main ridges as yellowish in color, and in between the lateral ridges the bluish black coloration of

the viscera could be seen. There were brownish black spots along the mantle edge. The wide stalks

of the rhinophores were yellowish above the middle of the club, with coal black markings on the

posterior surface, whereas the anterior of the stalk is whitish. He counted 25 rhinophoral lamellae.

The small, tapering anal papilla was white with black markings on the inner surface, as were the stalks

of the gill. The three branches of the gill also had black lines along their inner surface. The foot as

described by Bergh ( 1 880) and as found in the present study is fairly small and has black spots medially

down the length.

Bergh's (1880) description of the radula included 51 rows of hooked teeth and 42^4 teeth per

half-row. His drawings ofthe teeth ofH.formosa show two denticulate outer lateral teeth. In addition,

the radular sac as drawn (pi. 81, fig. 14) was long and curved.

Bergh presented a detailed description of the reproductive system. He reported that H.formosa

has a large female gland mass, a prostate that covers the upper portion of the bursa copulatrix, a

receptaculum seminis shaped like a compressed sphere and one-third to one-half the size of the bursa.

There was no vaginal or penial armature. The penis was cylindrical and three times as thick as the

sperm duct. The prostate had two distinct parts, one glandular and one long and snakelike that

terminates into the penis. The uterine duct was long and the genital vestibule had long, deep folds.

A comparison of the specimens dissected in the present study (BMNH 2350, CASIZ 099340) to

Bergh's (1880) description indicates that both are Halgerda fonnosa due to the following similar

characters:

As with Bergh's descriptions of Halgerda fonnosa, both specimens examined have a series of

low, angled ridges, with no tubercles at the junctions of the ridges. The ridges are lined with

yellow-orange. The body color of the two specimens is white with a grayish tinge. Along the edge of

the mantle and on the foot are irregularly spaced, dark brown to black spots. The rhinophores of the

specimens, like H. formosa are tapered and have black coloration subapically. The gills have

black-lined branches and the anal papilla is long and tubular with black coloration on both sides.

The specimen dissected (CASIZ 099349) has the same elongate radular sac and fimbriate (=

denticulate of Bergh) outer denticles as described by Bergh for Halgerdaformosa.
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The reproductive system of both specimens (Fig. 3A) is as described by Bergh for Halgerda

fonnosa. The penial bulb is large, as is the genital atrium. The large, glandular prostate covers the

bursa copulatrix. The vaginal duct is short and emerges from the base of the bursa. Neither the vagina

nor the penis are armed.

Yonow and Hayward (1991) examined the external morphology of the specimen (BMNH 2350)

collected from Mauritius, and identified it as Halgerdo fonnosa. Although no reproductive morphol-

ogy is described in Yonow and Hayward's paper, the dissection was made in the present study, and

there is little doubt that the specimen is indeed H. fonnosa. The external morphology described by

Yonow and Hayward is nearly identical to Bergh's (1880) description of Halgerda fonnosa. The

reproductive morphology of this specimen, examined for this study, is also identical to Bergh's

description.

Farran ( 1 905) placed Halgerda punctata in the genus Halgerda based on the following features:

a smooth, leathery mantle with raised tubercular ridges, a bi-lipped foot, small tentacles which in H.

punctata are tuberculate, a small number of branchial leaves, absence ofjaws, a long curved radular

sac, outer lateral teeth not denticulate and innermost teeth smaller. There were 50 rows of hooked

teeth, with 50 teeth per each side of the row. There were no rachidian teeth and the penis and vagina

were unarmed.

Farran ( 1 905 ) described the mantle ofHalgerdapunctata as being white with numerous tubercles,

which have a pinkish tinge on some of the apices. He noted that these tubercles were "more or less

connected by ridges in a triangular network." Both the mantle and the ventral side of the animals he

studied had a few black spots. The notes sent with the specimens from Professor Herdman, the

collector, included mention of yellow papillae on the mantle and purple spots on the foot, with a few

spots of the same color on the mantle. Farran described the anal papilla as long and tubular, white

with a black scalloped margin.

Farran's (1905) work comparing Bergh's specimens of Halgerda fonnosa with H. punctata

confirmed Bergh's original description of H. fonnosa that noted numerous dorsal ridges, crimson

spots and yellow lines. The above external differences, along with the denticulate outer lateral teeth

of H. fonnosa. as opposed to smooth ones in H. punctata, were the only differences Farran noted

between the two species. Farran's illustration (pi. 3, fig. 4, ) ofH. punctata is markedly different from

Bergh's drawing of H. fonnosa in that Farran drew distinctive tubercles connected by low ridges

along the high body profile, whereas Bergh drew distinctive ridges with no tubercles at all on a low

body profile.

Rudman (1978) examined a specimen of Halgerda from Zanzibar and identified it as Halgerda

punctata Farran. The animal he described had distinct ridges with bright lemon yellow angles and

purple spots on the foot with few on the mantle. Rudman did not describe tubercles on this specimen,

although in his discussion he mentioned that his specimen was identical to Bergh's H. fonnosa,

including the "yellow papillae" on the mantle (Rudman 1 978). Rudman described the radula as having

smaller inner teeth and smooth, outer lateral teeth. Rudman's illustration of the radular sac indicates

that it is long.

Rudman described the ejaculatory duct of the Zanzibar specimen as large, muscular and separate

from the vagina, and the vagina as a thin-walled bulb with a muscular sphincter at the opening of the

thin-walled vaginal duct as in our specimens of H. fonnosa.

Due to the external morphological similarities between Rudman's Halgerda punctata and

Bergh's description of H. formosa, it appears that Rudman's (1978) specimen was actually H.

fonnosa. Although the outer lateral teeth in H. formosa are drawn and described as denticulate (Bergh

1880), and Rudman's specimen are non-denticulate, radular variations within species are noted in

other recent studies of Halgerda (Bertsch and Johnson 1982; Gosliner and Fahey 1998).

Gosliner (1987) described a specimen from South Africa also as Halgerda punctata that was

similar to the Zanzibar specimen Rudman examined and identified as H. punctata. Gosliner described
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a translucent white color, plum colored spots on the notum, and yellow-orange ridges. Color slides

of animals (Figs. 1 A, B) collected in Zanzibar and Tanzania show the spots to be arranged along the

mantle edge. While the specimen from South Africa has spots all along the mantle edge, the Tanzanian

specimen has only five spots arranged asymmetrically on its posterior end, four spots on the anterior

mantle edge, with two next to the rhinophores, and two on the extreme front. No tubercles are present

on the notum of any Halgerda collected by Gosliner from South Africa. Based on the consistent

characters between H. fonnosa and Gosliner's (1987) specimen, we have determined that Gosliner's

specimen is most likely H. fonnosa.

Wells and Bryce (1993) illustrated a Halgerda specimen collected from Bundegi Reef, North

West Cape of Australia, as Halgerda punctata. However, the animal pictured in that work has the

identical, external morphological characteristics of H. formosa as described by Bergh (1880). This

includes yellow-lined, low ridges, tubular anal papilla with dark pigment on the anterior side, black

markings on the rhinophores, notum and gills. The gills also have black lines along their inner surface

rather than black spots. No reproductive anatomy is described.

Based upon a comparison with Bergh's (1880) original description of Halgerda formosa and

Farran's (1905) original description of H. punctata, Rudman's, Gosliner's and Wells and Bryce's

specimens should have all been identified as H. formosa, not H. punctata.

Debelius ( 1 996:254, bottom photo) described an animal collected from Sri Lanka whose external

morphology is nearly identical to Halgerda punctata (Farran 1905). For example, the animal has

blunt, yellow tubercles, some with pink apices. There are dark spots on the notum, arranged somewhat

symmetrically. The rhinophores appear as described by Farran ( 1 905 ): stout with black tips and thick

white bases. The four branchia also match Farran's description as being thick with the anterior pair

larger than the posterior pair, and black on the interior, but white on the outside. Debelius did not

describe the reproductive or radular morphology of the specimen. We suggest that the specimen

pictured in Debelius (1996) is H. punctata. The animal was not collected and could not be examined

for the present study.

Rudman ( 1 978) suggested that H. punctata may be a synonym ofH.fonnosa. However, it appears

from the morphological differences noted in the present study, that these are two distinct species,

despite the fact that the reproductive anatomy of H. punctata has not been presented. Those

distinctions are:

• Halgerdafonnosa has distinct low ridges lined in yellow to yellow-orange. Halgerda punctata

has yellow tubercles. In H. punctata, the ridges are indistinct.

• Halgerdaformosa has three, thick, main gill branches with the two lateral branches forked. The

black coloration wraps around the gill from approximately halfway up the rachis. Halgerda punctata

has four gill branches with the anterior two larger than the posterior pair. The gills have black margins

on the interior and are white on the outside. The black pigment covers the entire length of each gill

branch.

• The oral tentacles of H. formosa are short and digitiform. The tentacles of//, punctata are very

small and tubercular (Farran 1905).

• The anal papilla of H. formosa is squat and tapering with black marks on the inner surface. The

anal papilla of H. punctata is long and tubular with a black scalloped margin.

• Halgerdaformosa has a thin foot; approximately one-fourth to one-third the width ofthe mantle.

Halgerda punctata has a moderately wide foot (Farran 1905).

• The radular formula of H. formosa is 51 x 42.0.42 (Bergh 1880), 65 x 64.0.64 (Rudman 1978)

and 36 x 40.0.40 (present study), with the outer two lateral teeth denticulate (Bergh 1880; present

study) or smooth (Rudman 1978). The radular formula of H. punctata is 50 x 50.0.50 and the three

outermost teeth are small and smooth.
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• The innermost teeth of Hoigerdaformosa have large developed hooks and the four outer teeth

are markedly smaller than the middle teeth. The 20 innermost teeth of//, punctata are very small and

gradually increase in size towards the middle lateral teeth.

Halgerda dalanghita sp. nov.

Figs. 3B,4A, 5,6

Sclerodoris sp. Gosliner. 1987:68, top photograph.

TYPE MATERIAL.— HOLOTYPE: CASIZ 114775, Bethlehem, Maricaban Island, Batangas Province,

Luzon. Philippines. 15 m depth. 24 April 1997, T. M. Gosliner. Paratypes: CASIZ 1 10373. two specimens,

one dissected. Bethlehem, Maricaban Island. Batangas Province, Luzon, Philippines, 1 5 m depth, 24 April 1 997.

T. M. Gosliner. CASIZ 111301, two specimens, one dissected. Anemone Reef, Papua New Guinea, 20 m depth,

22 February 1992, T. M. Gosliner. SAM A35416, one specimen, dissected, Mbibi, South Africa, 5 m depth, 8

May 1 982, T. M. Gosliner. SAM A354 1 0, one specimen, dissected, Mbibi. South Africa. 5 m depth. 6 May 1 98 1

,

T. M. Gosliner. SAM A35415, one specimen, dissected, Adlam's Reef Sodwana Bay, Natal, South Africa. 2 m
depth, 9 May 1982. T. M. Gosliner.

Distribution.— This species is known from Natal, South Africa, Papua New Guinea and the

Philippines (present study).

Etymology.— Halgerda dalanghita. is named for the color of the animals. Dalanghita is the

Tagalog word for a small orange fruit.

Natural History.— Halgerda dalanghita is found crawling in the open in shallow water, on

near-shore reefs, rocky surfaces and also under coral rubble. It feeds on unidentified orange sponges

and has been found from 5-20 m in depth. The three specimens from the Philippines were almost

entirely embedded in a lobate orange sponge on which they had been feeding.

External Morphology.— The preserved animals studied are 1 5-28 mm in length. The body

is firm and smooth, like gelatin, but rigid. The body profile is relatively low and the dorsum has a

series of angled ridges arranged in a reticulate pattern. There are no conical tubercles at the junctions

of the ridges, as is present in some other Halgerda species. The ground color of the dorsum and foot

is lemon yellow to orange. The ridges are lined in white, with additional short lines or dots of white

sprinkled on the dorsum among the ridges. Brown dots, which outline the ridges and are scattered

along the mantle edge, can be seen on some of the yellow to pale orange specimens. These brown

spots are not present on one of the specimens from the Philippines. The pinkish viscera can be seen

through the notum in the paler colored living animals.

The upright rhinophores are tapered towards the tip with brown coloration on the posterior side

near the base, black subapical coloration and a translucent white background color. There are 1 7-1

8

rhinophoral lamellae.

The six branchial leaves are highly pinnate. The gills have black-lined branches, and the

undersides are white. The pigment completely encircles each branch. Within the finely divided pinnate

portion of the gill rachis, near the apices, are numerous flattened, translucent structures that appear

glandular. The anal papilla is orange.

The oral tentacles are long and tapered outwards and posteriorly. Some light brown pigment spots

on the ventral side of the mantle, near the margins of the foot, are retained on the preserved animals.

Buccal Armature.— The buccal mass is not pigmented. The radular sac is short. The radular

formulae of the five dissected specimens are: 42 x 33.0.33 (CASIZ 1 10373) (Fig. 5), 34 x 29.0.29

(SAM A35415),35 x 25.0.25 (SAM A35410),26 x 27.0.27 (SAM A35416)(Fig. 6) and 35 x 22.0.22

(CASIZ 111301). The outer and middle lateral teeth are extremely elongate, which is atypical of dorid

hamate teeth. It was difficult to confirm the radula formulae due to the teeth being extremely narrow.
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numerous and irregularly arranged (Fig. 5B, D). The 5 or so inner lateral teeth are hamate (Fig. 6A,

B).

Reproductive System.— The reproductive system is triaulic (Fig. 3B). The wide ampulla is

flattened and lies tightly against the female gland mass. The female gland mass is much larger than

the prostate gland. The ampulla narrows into the postampullary duct, which bifurcates into the vas

deferens and oviduct. The short oviduct enters the female gland mass. The short vas deferens separates

from the ampulla and widens into the large, elongate glandular prostate. The prostate consists of two

distinct glandular types but they are not as well differentiated as in other members of Halgerda, but

are differentially pigmented on all material examined. The muscular portion ofthe vas deferens leaves

the prostate in a long, single duct with one half-loop, then widens slightly into the penial bulb. The

short uterine duct emerges from the female gland mass and joins the receptaculum seminis near its

base. The duct connecting the receptaculum and the bursa is moderately long. The pyriform

receptaculum seminis is equal to or much smaller than the spherical bursa copulatrix. The bursa is

not covered by the larger prostate. The receptaculum is partially hidden under the bursa and is also

slightly tucked under the prostate. The vaginal duct that emerges from the base of the bursa copulatrix

is long and thin. At its exit adjacent to the base of the male aperture, is an enlarged, but undivided

portion that is not obviously glandular. The genital aperture is wide and large.

Discussion.— Gosliner (1987) placed this species in the genus Sclerodohs Eliot, 1904.

However, the type species, S. tuberculata Eliot, 1904 possesses a notum with caryophyllidia and

broad outer teeth (Rudman 1978). The reproductive system of 5. tuberculata also contains a distinct

vestibular gland. As in other species of Halgerda, the present species has a smooth notal texture,

narrow outer teeth and lacks a vestibular gland. Also, it has elongate rhinophores with black pigment,

ridges that are of a different color than the body and opaque white gill glands, as in other species of

Halgerda. Halgerda dalanghita is the only species of Halgerda with an orange general body color

with varied pigment on the notum. The middle and outer lateral teeth of the radula of H. dalanghita

are thin and elongate. The only other record ofa Halgerda with similar radular teeth is that ofGosliner

and Fahey (1998). In this case, some specimens of//, elegans Bergh, 1905 have elongate teeth while

others have typical hamate teeth. All specimens of H. dalanghita examined here had elongate teeth.

The radula sac of //. dalanghita is unique in being short, although all other described species of

Halgerda have an extremely elongate sac.

The reproductive system of H. dalanghita has several distinctive features. The prostate does not

cover the bursa copulatrix and is far less obviously differentiated into two distinct portions. However,

the prostate does have two distinct gland types that are differentially pigmented in all preserved

material examined. The vaginal and ejaculatory ducts are elongate and thin throughout their length.

Halgerda dichromis sp. nov.

Figs. 3C,4B, 7

Halgerda formosa Gosliner, 1987:69, top photograph, misidentification; not H. formosa Bergh, 1880.

Type Material.— Holotype: SAM A35413, one specimen, dissected, Vetchie's Pier, Durban Harbor,

Natal, South Africa, 5 m depth, July 1980, W. R. Liltved.

Figure 4. A. Halgerda dalanghita sp. nov. (SAM A35415). Specimen from Adlam's Reef, Sodwana Bay, Natal, South

Africa, photograph by T. M. Gosliner; B. Halgerda dichromis sp. nov. (SAM A354I 3). Specimen from Vetchie's Pier. Durban

Harbor, South Africa, photograph by T. M. Goshner; C. Halgerda toliara sp. nov. (CASIZ 1 1 1 302). Specimen from 5 km SW
of Mora Mora, Madagascar, photograph by T. M. Gosliner.
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Figure 5. Halgerda dalanghita sp. nov. (CASIZ 1 10373) Bethlehem, Batangas Province. Philippines. Scanning electron

micrographs. A. inner lateral teeth, scale - 60 ym; B. Outer lateral teeth, scale = 75 )jm; C. Close up of inner lateral teeth, scale

- 30 lam; D. Outer lateral teeth, scale = 60 |im.

Etymology.— Halgerda dichwmis is named to distinguish its bicolored ridges as compared

to other Halgerda species, which have only one color on their ridges.

Distribution.— The single specimen o^ Halgerda dichromis was found at the entrance to

Durban Harbor in South Africa.

Natural History.— Halgerda dichromis is found in shallow sub-tropical water.
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External Morphology.— The preserved animal is 16 mm in length. The living animal has

an oval body that is firm, smooth and rigid. Although the body profile is slightly arched, this species

does not have the high body form common in most other Halgerda. There are no tubercles at the

junctions of the low, insignificant ridges. The ground color of the dorsum is grayish white, and the

brown viscera can be seen through the skin of the notum. There is one thick orange line extending

longitudinally along the notal midline. This orange line begins in front of the rhinophores and ends

two-thirds of the way to the gill. On either side of this orange line are two heavy, equally-spaced black

lines, which begin at the base of the rhinophores. They converge behind the orange midline, and

continue as one black line up to and past the gill. There are shorter orange and black lines that form

a reticulate pattern on the notum. Small black spots are found at the mantle edge both posteriorly and

anteriorly.

The stocky rhinophores are angled posteriorly and have black coloration on their base posteriorly

and also at the tips where the color encircles the club. There is a small white patch on the club

approximately two-thirds of the way up its length.

The low, spreading gill has two lateral branches, each tripinnate. The two anterior branches are

larger and more finely divided than the two posterior branches. There is a black ridge line on top of

each branch. The underside of the gill is white. The same flattened, glandular structures reported

previously in other Halgerda (Gosliner and Fahey 1998; present study) can be seen inside each gill

rachis.

The anal papilla is short and stocky with black markings on the anterior side.

Buccal Armature.— Since the radula is elongate, it is assumed that the radular sac was also,

but this was not verified as the buccal mass was not available for this study. The labial cuticle is

smooth and devoid ofdenticles. The radular formula of the holotype is 48 x 41.0.41 (Fig. 7). The first

twenty teeth are much smaller than the middle and outer lateral teeth, which gradually increase in size

towards the outer edge. The outer three teeth are fimbriate in some rows but simply pointed in others.

Reproductive System.— The reproductive system (Fig. 3C) is triaulic. The ampulla is long

and widens as it curves against the anterior of the female gland mass. It narrows and bifurcates into

the vas deferens and oviduct. The massive prostate has two distinct glandular parts. The female gland

mass is approximately the same size as the prostate gland. The muscular portion of the vas deferens

leaves the prostate in a long, single duct with two half-loops, then widens into the large penial bulb.

The short uterine duct emerges from the female gland mass and joins the receptaculum seminis near

its base. The duct joining the receptaculum and bursa is long and joins the pyriform receptaculum

seminis with the much larger, spherical bursa copulatrix adjacent to the vagina. The bursa is

completely covered by the much larger prostate. The vaginal duct, which emerges from the base of

the bursa copulatrix, is short relative to other species (Fig. 3). It narrows for most of its length but

widens into a short muscular portion and a larger glandular portion near its exit adjacent to the base

of the male aperture. Near the genital atrium, the vagina is large, muscular and bulbous, but not

obviously glandular. Both the penis and the vagina are unarmed. The genital atrium is wide, large and

elongate.

Discussion.— Gosliner (1987) misidentified this specimen as Halgerda formosa. the type

species of the genus, due to certain similarities. Both animals have a grayish white background color

with yellow-orange ridges. Neither have tubercles at the ridge junctures and both have stocky

rhinophores with black pigmentation. There are small black spots at the mantle edge of both animals

and the gills are low and spreading with black pigmentation on the main branches.

Examination of the specimen from South Africa, and comparison to Bergh's 1880 and 1888

descriptions of Halgerdaformosa indicate that the South African specimen should be regarded as a

distinct species, H. dichromis.
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Fic.URE 7. Halgerdu dichnimis sp. nov. Radular morphology. A. Outer lateral teeth, seale = 40 (.irn; B. Inner and middle

lateral teeth, scale = 400 pm.

The following differences are noted between Halgerda formosa and H. dichromis:

1

)

Halgerda formosa has distinct ridges lined in yellow, while H. dichromis has indistinct ridges

and both black and yellow-orange lines on the notum.

2) The gills o^Halgerda formosa are erect when fully extended, whereas the gills of//, dichromis

are spread to form a flat gill.

3

)

Halgerda formosa has a distinct muscular sphincter at the point where the vagina widens prior

to entering the genital atrium, whereas H. dichromis has no sphincter.

4) Halgerda formosa has a prostate that only covers the bursa copulatrix. The prostate of//.

dichromis completely envelops the bursa, the anterior portion of the receptaculum and the oviduct.

5) The ejaculatory duct of Halgerda formosa is long, slender and terminates into a bulbous penis.

The penis has a separate opening that terminates near the center of the wide genital atrium. The

ejaculatory duct of//, dichromis is wide, then narrows before it terminates into a large, bulbous penis

which itself terminates into a very long, wide genital atrium.

6) Halgerda formosa has a rad\x\ar formuh of 5\ x 42.0.42 (Bergh 1880), 65 x 64.0.64 (Rudman

1978) and 36 x 40.0.40 (present study), whereas //. dichromis has a formula of 48 x 41 .0.41

.

7) Halgerda dichromis has the inner 20 teeth much smaller than subsequent ones. Halgerda

formosa has the inner 7—8 teeth smaller than the middle lateral teeth.

8) The gills of//, dichromis have a black medial line along the entire length of the gill as in //.

wasiniensis Eliot, 1904 (Gosliner 1987:68, bottom photo) while in H. formosa, black pigment is

restricted to the apices of the gill branches.

Although some of the external characteristics of Halgerda dichromis are similar to those of//.

formosa, the two are clearly different species. Since many of the characteristics of//, dichromis are

similar to other members of the Halgerda genus, a testable hypothesis of phylogeny is needed to

determine how closely the species are related.
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Halgerda toliara sp. nov.

Figs. 3D, 4C, 8

Type Material.— Holotype: CASIZ 1 1 1302, one specimen, 5 kilometers west of Mora Mora, Mada-

gascar, 2 m depth, 7 April 1989, T. M. Gosliner. Paratypes: CASIZ 073278, one specimen, off Soanambo

Hotel, He Saint Marie, Madagascar, 2 m depth, 4 April 1990, T. M. Gosliner. CASIZ 073272, 2 specimens, one

dissected. Patch Reef, Mora Mora, Madagascar, 2 m depth, 27 March 1990, T. M. Gosliner.

Etymology.— Toliara is the Malagasy name for the Tulear region of Madagascar, where this

species was first collected.

Distribution.— Halgerda toliara has been found on both the west and east coasts of Mada-

gascar (present study).

Natural History.— Halgerda toliara was found crawling in the open in shallow water on

coral rubble.

External Morphology.— The preserved animals are 9 mm (CASIZ 073272 and CASIZ
111300) and 5 mm (CASIZ 073278). The relatively low-profiled body is oval and the texture is

smooth and firm. The ground color of the living animal is white to pale yellow-white. The white

viscera can be seen through the notum of the living animals. There are low but distinct ridges arranged

in a reticulate pattern on the dorsum. There are no tubercles at the junctions ofthe orange-lined ridges.

Small yellow tubercles are scattered densely along the mantle margin. There is a thin white border

along the mantle edge.

The long rhinophores have a base that is narrower than the top one-third of the club. The black

coloration is found only at the top one-third, and it encircles the club. The bottom two-thirds of the

rhinophores is translucent white.

The large gill has four sparsely pinnate branches, with the posterior pair divided into two on the

paler colored animals. Black coloration is found on the top one-half to one-third of the gill branches,

with no pigmentation on the apices on the paler colored animals. The background color is translucent

white. Inside the gill rachis can be seen the same flat, glandular-like structures found in other Halgerda

species as noted in the present study and in previously described species (Gosliner and Fahey 1998).

The anal papilla is short and white in color. The wide foot, which has a white edge, extends

posteriorly beyond the mantle margin. The oral tentacles are short and digitiform.

Buccal Armature.— The buccal mass is not pigmented, and the radular sac is elongate and

lies flat against the buccal bulb. The radular formula ofthe dissected specimen is 43 x 30.0.30 (CASIZ

073272) (Fig. 8). The inner four teeth are slightly smaller than the middle lateral teeth, and all teeth

are hamate. The outer three lateral teeth are fimbriate.

Reproductive System.— The reproductive system is triaulic (Fig. 3D). The wide ampulla is

flattened and lies against the female gland mass. The female gland mass is larger than the prostate

gland. The ampulla narrows into the postampullary duct, bifurcates into the vas deferens and oviduct.

The short oviduct enters the female gland mass. The short vas deferens separates from the ampulla

and widens into the large, two-part glandular prostate that folds onto itself. The muscular portion of

the vas deferens leaves the prostate in a long, single duct with one half-loop, then widens into the

short, wide penial bulb. The short uterine duct emerges from the female gland mass and joins the

receptaculum seminis its base. The receptaculum duct is moderately long and joins the round

receptaculum seminis with the much larger, spherical bursa copulatrix adjacent to the vagina. The

prostate lies alongside the bursa, which is approximately the same size. The top of the receptaculum

is partially hidden under the bursa and is also slightly tucked under the prostate. The vaginal duct,

which emerges from the base of the bursa copulatrix, is long and thin. It does not enlarge at its exit

adjacent to the base of the male aperture. The common genital atrium is not as wide as the penis.
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Figure 8. Halgerda toliara sp. nov. (CASIZ 073272) Mora Mora, Madagascar. Scanning electron micrographs. A. Inner

lateral teeth, scale = 20 |im: B. Outer lateral teeth, scale = 15 |im; C. Middle lateral teeth, scale - 25 |jm.

Discussion.— Halgerda toliara shares some common characteristics with other species of the

genus. It has a firm, smooth, and rigid body with a pattern of low ridges on the mantle arranged in a

reticulate pattern. There are no large tubercles on the dorsum of Halgerda toliara as is common in

many other members of the genus. Its body profile is relatively low like H. dalanghita and H.

dichromis. There is a large gill with branchial leaves that appear to have internal glands. Halgerda
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toliara has four sparsely pinnate branchia, unlike other species (e.g., H. fonnosa) with four highly

pinnate branchia.

As with all other members of the genus except Halgenia dalanghita, H. toliara has an elongate

radula sac. However, the sac does not protrude away from the buccal mass, but lies flat against it.

The rhinophores of most Halgerda are stocky at the base, and tapering at the tips, with the

lamellae extending the length of the stalk. In contrast, the stalks of the rhinophores of//, toliara have

a smooth, consistent diameter two-thirds of their length. The stalk then widens at the lamellae before

tapering to the apices. In addition, H. toliara is unique among described species in that the rhinophore

base is devoid of black pigment while the rhinophore club is entirely black. The anal papilla of some

Halgerda has black pigmentation on either or both the posterior and anterior sides. H. toliara has only

the white ground color.

The reproductive system of Halgerda toliara shares some characters, such as the round bursa

copulatrix, with other Halgerda {H. formosa, H. dalanghita. and //. dichromis). The long, thin vagina

is common to //. dalanghita and //. albocristata (Gosliner and Fahey 1998). The bulbous penis is

common to H. fonnosa and //. albocristata. The prostate of other Halgerda, including H. formosa

covers the bursa copulatrix (Willan and Brodie 1989; Carlson and Hoff 1993). The prostate of//.

toliara has two parts, is long and folded and lies next to the bursa, similar to //. dalanghita.

There are distinct differences between Halgerda toliara and other Halgerda species with

yellow-orange lined ridges. For example, there are significant reproductive anatomical differences

between H. toliara, H. wasinensis, and H. fonnosa. Halgerda toliara has a prostate which does not

cover the bursa copulatrix whereas H. fonnosa has a prostate which covers the bursa as in H.

wasinensis (Rudman, 1978). Halgerda toliara has a long, thin vaginal duct that is longer than the

ejaculatory duct. Halgerdaformosa has a short vaginal duct that is much shorter than the ejaculatory

duct. Halgerda wasinensis has a thin vaginal duct that is the same length as the ejaculatory duct. There

is a muscular sphincter at the entry to the vagina in H. formosa, that is absent in H. toliara. Halgerda

wasinensis has a muscular vagina, but no sphincter is apparent in Rudman 's (1978) drawing of the

reproductive system. Halgerda fonnosa has a much larger, bulbous penis than does H. toliara.

Halgerdaformosa also has long, fmgerlike folds in the vaginal atrium, which H. toliara does not have

in the long, thin vagina.

In addition, the radular morphology differs between the species with yellow-orange lined ridges.

The inner four teeth of H. toliara are similar in size whereas the first 25 teeth of//, wasinensis are

similar in size and the seven inner teeth of H. fonnosa are similar.

The external morphology differs between these species with yellow-orange ridges as well. Both

H. formosa and H. wasinensis have dark markings on the notum and the foot, whereas //. toliara has

no dark spots. //. toliara has small yellow tubercles along the mantle edge, and H. formosa has white

tubercles. The gill branches of H. formosa and //. wasinensis are highly pinnate, but the gill branches

of H. toliara are sparsely pinnate.

A discussion of generic characters has been treated by previous authors (Rudman 1978; Willan

and Brodie 1989; Gosliner and Fahey 1998) and will not be repeated here.

From this study, it appears that many of the characteristics of Halgerda toliara are similar to

other members of the Halgerda genus and a testable hypothesis of phylogeny is needed to determine

how closely these species are related.
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The poorly-known Southeast Asian silurid genus Ceratoglanis is reviewed. Previously

considered monotypic, a second species o\ Ceratoglanis from the southeastern Chao Phraya

and Mekong drainages in mainland Southeast Asia is described here as C. pachynema new

species. Previously unreported sexual dimorphism in the morphology of the pectoral spines

and maxillarv barbels is described.

The diverse Eurasian catfish family Siluridae includes nearly 100 extant nominal species, and is

represented in Southeast Asia by putatively 18 genera (Bornbusch 1995), of which the genus

Ceratogkinis Myers, 1938 comprises moderately large silurid catfishes (attaining standard lengths of

up to 500 mm) found in large rivers. The genus has been recorded from mainland Southeast Asia,

Java, Borneo and Sumatra and only one species is currently recognized, viz. C. scleronema (Bleeker,

1862). In reviewing the genus, it was found that specimens oi Ceratoglanis from the Chao Phraya

drainage, Thailand, previously assigned to C scleronema represent a second, undescribed species

here described as C pachynema new species. This study also documents previously unrecorded sexual

dimorphism in the shape of the maxillary barbels in Ceratoglanis species.

Materials and Methods

Measurements were made point to point with dial calipers and data recorded to tenths of a

millimeter. Counts and measurements were made on the left side of specimens whenever possible.

Subunits of the head are presented as proportions ofhead length (HL). Head length and measurements

of body parts are given as proportions of standard length (SL). Measurements and counts were made

following Ng and Ng (1998). The ventral angle of the snout is taken as the angle between a vertical

line passing through the tip of the snout and the tangent of the ventral half of the upper jaw (Fig. 1 ).

This angle was measured from drawings of the lateral views of the heads.

Fin-ray counts were obtained under a binocular dissecting microscope using transmitted light.

Numbers in parentheses following a particular fin-ray, branchiostegal-ray or gill-raker count are the

numbers of examined specimens with that count. Vertebral counts were taken from radiographs

following the method of Roberts (1994). Numbers in parentheses following a particular vertebral

count are the numbers of radiographed specimens with that count.

Drawings of the specimens were made with a Nikon SMZ-10 microscopic camera lucida.

Institutional codes follow Eschmeyer ( 1 998). A listing of the material examined for this study can be

found under the accounts of the appropriate species.
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Figure 1 . Lateral view of head of Ceraloi^lanis, showing how the ventral angle (v) of the snout is measured.

Species Descriptions

Ceratoglanis Myers, 1938

Ceratoglanis Myers 1938:98; Haig, 1952:65, 95; Roberts, 1989:144.

Hemisilwus (in part) Bleeker, 1862:93; I863a:1 16; Weber and de Beaufort, 1913:210.

Type Species.— Hemisilwus scleronema Bleeker 1 862, by original designation and inonotypy.

Diagnosis.— Ceratoglanis is characterized by a combination of the following apomorphies

(after Bornbusch and Lundberg 1 989): ( 1 ) snout enlarged and bulbous, extending beyond gape; mouth

subterminal; (2) posterior ramus of fourth transverse process broadly expanded by lamina that extends

onto anterior ramus, rami separated by small indentation; (3) mandibular sensory canal enlarged in

angularticular and dentary; and (4) maxillary barbel short, stiffened by cartilaginous rod, tip of barbel

retrorsely hooked.
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Remarks.— Ceratoglanis and Hemisihirus are sister groups that comprise a monophyletic

group within the Siluridae (Bombusch and Lundberg 1987; Bombusch 1995) and possess the first

three synapomorphies listed above.

Ceratoglanis shows the typical sexual dimorphism in the pectoral spine and articulated segments

reported in the silurid genera Hemisilurus by Bombusch and Lundberg (1989), Oinpok by Inger and

Chin (1962), Pteroayptis by Bombusch (1991), Silurichthys by Ng and Ng (1998) and Silurus by

Kobayakawa (1989). The males have distinct serrations on the pectoral spine and the articulated

segments; in females the sen'ations are either very small and indistinct, or are absent altogether. In

addition, Ceratoglanis also exhibits sexual dimorphism in the shape of the maxillary barbels

(previously only known in Hemisilurus, its sister taxon), which is reported here for the first time. The

males of Ceratoglanis have membranous extensions on the anterior and (in C pachynema) the

posterior edges of the maxillary barbels, whereas in the females, these extensions are smaller (in C
pachynema) or absent (in C. scleronema). The role this dimorphism plays in the biology of

Ceratoglanis is unclear.

The historical biogeography of the two Ceratoglanis species is probably similar to that proposed

for Hemisilurus moolenburghi + H. mekongensis lineage by Bombusch and Lundberg (1989), i.e.,

during the Pleistocene, the ancestral Ceratoglanis was dispersed throughout the North Sunda River

system (to occupy branches in Borneo and Sumatra) and the South Indo-China River system.

Post-Pleistocene isolations of the two river systems then led to the divergence of the two species.

Ceratoglanis scleronema (Bleeker, 1862)

Figs. 2, 5a, 6a—

b

Hemisihirus scleronema Bleeker, 1862:93, pi. 101 (type locality: Krawang. Java); 1863b:370; 1863c:74; Weber

and de Beaufort, 1913:214, fig. 86; Hardenbcrg, 1934:306.

Figure 2. Ceratoglanis scleronema, ZRC 41896, 196.0 mm SL; Sumatra: Batang Hari basin.
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Ceratoglanisscleronema BoulengQT, 1894:247; Vaillant, 1902:49; Haig, 1952:65, 95; Tweedie, 1952:84; Imaki

et al., 1981:40, fig. 69; Zakaria-Ismail, 1984:25; Bornbusch and Lundberg, 1989:441 (in part); Roberts,

1989:144; Kottelatetal., 1993:68, pi. 32 (in part); Liin et al., 1993:7; Kottelat and Lim, 1995:239.

Material Examined.— Java: RMNH 2918 (1, holotype, 352 mm SL) Krawang, Bleeker

collection. Borneo: CAS 49387 (3, 228.4-331.2 mm SL) Kalimaman Barat, Simang market, 19 Jul

1976, T. R. Roberts and S. Wirjoatmodjo. ZRC 30810 (2, 270.0-286.4 mm SL) Sarawak, Marudi

market; 18-20 Jun 1994, M. Kottelat and T. Tan. ZRC 40037 (1, 440 mm SL) Kalimantan Selatan,

Muara Teweh, Pasar Pendopo (fish market), 3-4 Jun 1996, H. H. Ng and O. Chia. ZRC 42654 (4,

236.7-290.7 mm SL) Kalimantan Barat, Kabupaten Sanggau, market at Sanggau (0°7.29'N,

1 10°35.94'E), 21-27 Apr 1998, H. H. Tan et al. ZRC 42739 (I, 343 mm SL) Sarawak, market in

Kapit, 28 Feb-3 Mar 1998, H. H. Tan and R. Kerle. Sumatra: USNM 93287 (1, 356 mm SL) Riau,

Mandau river, Siak, 1 Jan 1 934, W. C. Abbott. ZMA 1 2 1 .8 1 9 ( 1 , 2 1 6.6 mm SL) Jambi, Batang Hari,

1909, P. H. Moolenburgh. ZRC 38981 (2, 158.1-379 mm SL) Jambi, Pasar Angso Duo (fish market),

Jun 1995, P. K. L. Ng et al. ZRC 41531 (4, 340-420 mm SL) Jambi, Pasar Angso Duo (fish market),

23-29 Jul 1997, H. H. Tan and H. H. Ng. ZRC 41896 (1, 196.0 mm SL) Jambi, Pasar Angso Duo

(fish market), 21-28 Nov 1996, H. H. Tan et al. Peninsular Malaysia: ZRC 1 1985 ( 1, 406 mm SL)

locality and collector unknown.

Diagnosis.— A species of Ceratoglanis having a snout with a steep ventral profile (ventral

angle of snout 20°-26°), relatively more anal-fin rays (98-108), and smaller eyes (eye diameter

10.7-14.0 %HL) that are set further apart (interorbital distance 35.4-^0.9 %HL). Mature males of

this species have membranous extensions on only the anterior edge of the maxillary barbel.

Description.— Head and body laterally compressed. Dorsal profile slightly convex, rising

steeply from origin of epaxial muscle on skull roof to dorsal-fin pterygiophore. Snout prominent and

bulbous, with a steep ventral profile (ventral angle of snout 20°-26°).

Anterior pair of nostrils tubular and anteriomedial to base of maxillary barbel. Posterior pair of

nostrils located between anterior border of eye and base of maxillary barbel.

Mouth subterminal; gape horizontal. Well-developed rictal fold present, consisting of large and

fleshy upper lobe joined at comer of mouth with lower lobe, which is subtended by a submandibular

groove.

Teeth villiform. Dentary teeth in slightly curved, elongate bands narrowing posteriorly, reaching

from symphysis almost to mouth comers; premaxillary teeth in a single, slightly curved, rectangular

band formed from the fusion of two similarly-shaped patches on both sides and an anterior median

triangle patch. Vomerine teeth in two separate round patches.

Eyes small, subcutaneous; located in anterior half of head; visible dorsally, but not ventrally.

Gill membranes separate and overlapping, free from isthmus. Branchiostegal rays 9(9) or 10(4).

Gill rakers short, 2 + 10= 12(1) or 2+ 11 = 13(1).

Maxillary barbel short, stiffened by cartilaginous rod and retrorsely hooked. Membranous

extensions on the anterior edge of the maxillary barbel present in males. Females with simple barbels

without such membranous extensions.

Distal margin of pectoral fin broadly convex, with I,13,i (2), L14 (5), L14,i (1), L15 (1), I,15,i

(1 ) or LI 6 (3) rays. Proximal two-thirds of first pectoral-fin element co-ossified into a spine without

anterior and distal denticulations. Pectoral spine and articulated segments sexually dimorphic in

mature individuals. Males with spine broad and somewhat flattened dorsoventrally, with 11-16

distinct posterior serrae, increasing in size distally; proximal articulated segments with 9-10 well-de-

veloped posterior serrae; distal-most segments have smaller serrae. Females or juveniles with spine

slender and without serrae; proximal articulated segments with 6 minute posterior serrae, distal

segments without serrae. Distal margin of pelvic fin convex, with i,7 ( 1 3) rays. Distal margin of anal

fin straight, with 98(1), 99(1), 100(1 ), 101(1), 102(3), 104(2), 106(2), 107(1) or 108(1) rays; posterior
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margin separate from caudal fm. Integument over anal tin thickened proximally for slightly more than

half of ray lengths; fin-ray erector muscles extending along anterior edges of anal-fm rays. Caudal

fin forked, lobes equal; principal rays 8/9 (13). Urogenital papillae of both sexes located immediately

posterior to insertions of pelvic fms.

In %SL: head length 14.^17.0, head width 7.9-9.9, head depth 8.9-10.6, preanal length

26.3-30.2, prepelvic length 23.3-27.6, prepectoral length 15.2-18.0. body depth at anus 15.6-20.4,

depth of caudal peduncle 4.9—5.8, pectoral-spine length 6.9—9.1, pectoral-fm length 11.3—14.1,

pelvic-fm length 4.0-6.0, length of anal-fm base 62.5-71.2, caudal-fm length 12.3-15.5; in %HL:
snout length 27.2-31.9, interorbital distance 35.4^0.9, eye diameter 10.7-14.0. Vertebrae 12 + 50

= 62(1), 12 + 51 =63(3), 12 + 52 = 64(3) or 12 + 53 = 65(1).

Coloration.— Flanks and thickened integument over anal fm diffusely pigmented with

scattered melanophores; a thin line of melanophores more densely concentrated along the distal edge

of the thickened integument over anal fm. Dorsal surfaces and sides of head gray, with relatively

dense aggregations of melanophores. Melanophores less dense ventral to level of the eye; ventral

surfaces of head and belly unpigmented with scattered melanophores. Ventral surface of head slightly

orange in life. Maxillary barbels unpigmented.

Interradial membrane of pectoral fm diffusely pigmented with gray, with black distal margin.

Pelvic fm with interradial membrane diffusely pigmented with gray along margin. Anal fm with

interradial membrane diffusely pigmented with gray along distal two-thirds, becoming denser along

the distal edge. Interradial membranes of caudal-fm lobes diffusely pigmented with gray along distal

three-quarters; melanophores absent from proximal quarter of lobes and particularly dense at tips of

lobes.

Distribution.— This species is known from the Citarum drainage in Java, the Batang Hari and

Siak drainages in Sumatra, the Pahang drainage in Peninsular Malaysia and the Baram, Barito,

Kapuas, and Rejang drainages in Borneo (Fig. 4).

Remarks.— Cemtoglanis scleronema can be distinguished from C pachynema in having a

snout with a steep (vs. gently sloping) ventral profile (ventral angle of snout 20°-26° vs. 40°^2°,

Fig. 5). Mature males ofC scleronema have a small membranous extension of the maxillary barbel

which is present along the anterior edge ofthe barbel (vs. larger membranous extensions present along

both the anterior and posterior edges of the barbel in C pachynema; Fig. 6).

The single specimen examined from the Malay Peninsula (406 mm SL) differs from all other

specimens examined from Sumatra, Java and Borneo in having the bony surface of the toothplates

covered with transverse plicae and minute peglike teeth embedded in the plicae, with the teeth rather

sparsely distributed throughout the toothplates (vs. bony surface of the toothplates exposed, with

many densely-packed rows of villiform teeth). Furthermore, the vomerine toothplate of the specimen

from Peninsular Malaysia is in the form of a single ovoid patch (vs. two, clearly separate, rounded

patches in other specimens examined).

The differences in the morphology of the toothplates seem to indicate that the specimen from the

Malay Peninsula is not conspecific with those from Sumatra, Java and Borneo. However, there are

no other significant morphological differences between the specimen from the Malay Peninsula and

those from Sumatra, Java and Borneo. Furthermore, no exact locality information exists for the

specimen in question and the large size of the specimen raises the possibility that the differences

observed might be due to ontogenetic changes. The largest specimen from Sumatra (ZRC 41531, 420

mm SL) lacks a plicate toothplate. We are not sure if all big specimens possess a plicate toothplate

because we lack a large series ofbig specimens to fully understand ontogenetic changes in this species.

Based on these arguments, it would be more prudent to tentatively consider the population from the

Malay Peninsula as being conspecific with those from Sumatra, Java and Borneo, until more

specimens from the Malay Peninsula are available.
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Little is known about the biology of this species, but C. scleronema appears to be predatory in

nature, feeding on aquatic invertebrates as do most other medium-sized silurids. Crabs {Neorhyn-

choplax prima; family Hymenosomatidae), isopods, insect remains and remains of a small fish were

found in the stomach of a dissected specimen (ZRC 41531, 420 mm SL) from the Batang Hari

drainage.

Ceratoglanis pachynema n. sp.

Figs. 3, 5b, 6c-d

Ceratoglanis scleronema (non Bleeker) Smith, 1 945:339; Suvatti, 1 950:286; 1 98 1 :83; Bombusch and Lundbcrg,

1989:441 (in part); Kottelat. 1989:14 (in part); Nabhitabhata, 1991:187; Kottelat et al., 1993:68 (in part);

Vidthayanon et al., 1997:44.

Hemisilurus scleronema (non Bleeker) Smith, 1 93 1 : 1 8 1 ; Suvatti, 1 936:7 1

.

Type Material.— Holotype: CAS 96577 (1, 266.9 mm SL) Thailand: Prachinburi market,

28 May 1991, T. R. Roberts. Paratypes: CAS 92882 (1, 203.0 mm SL) Thailand: Prachinburi

market, 8 10 Sep 1990, T. R. Roberts. CAS 94185 (1, 128.2 mm SL) Thailand: Prachinburi market,

4-7 Dec 1990, T. R. Roberts. CAS 96576 (2, 218.7-279.0 mm SL) Thailand: Prachinburi market,

8-10 Sep 1990, T. R.Roberts.

Diagnosis.— A species of Ceratoglanis with a snout with a gently sloping ventral profile

(ventral angle of snout 40°^2°), relatively fewer anal-fin rays (90-1 1 ), and larger eyes (eye diameter

13.0-16.4 %HL) set more closely together (interorbital distance 33.7-36.6 %HL). Mature males of

this species have membranous extensions on both the anterior and posterior edges of the maxillary

barbel.

Figure 3. Ceratoglanis pachynema, CAS 96576, 218.7 mm SL; Thailand: Chao Phraya basin.
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Figure 4. Map showing distribution of Ceratoglanis species: C. scleronema (•) and C. pachynema (). Open symbols

indicate records from literature.
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Description.— Head and body later-

ally compressed. Dorsal profile slightly con-

vex, rising steeply from origin of epaxial

muscle on skull roof to dorsal-fm pterygio-

phore. Snout prominent and bulbous, with a

gently sloping ventral profile (ventral angle of

snout 40°^2°).

Anterior pair of nostrils tubular and ante-

riomedial to base of maxillary barbel. Poste-

rior pair of nostrils located between anterior

border of eye and base of maxillary barbel.

Mouth subterminal; gape horizontal.

Well-developed rictal fold present, consisting

of large and fleshy upper lobe joined at comer

of mouth with lower lobe, which is subtended

by a submandibular groove.

Teeth villiform. Dentary teeth in slightly

curved, elongate bands narrowing posteriorly,

reaching from symphysis almost to mouth

comers; premaxillary teeth in a single, slightly

curved, rectangular band formed from the fu-

sion of two similarly-shaped patches on both

sides and an anterior median triangle patch.

Vomerine teeth in two separate round patches.

Eyes small, subcutaneous; located in an-

terior half of head; visible dorsally, but not

ventrally.

Gill membranes separate and overlap-

ping, free from isthmus. Branchiostegal rays

9(1), 10(3) or 11(1). Gill rakers short, 1 + 10

= 11(1 )or2+ 11 = 13(1).

Maxillary barbel short, stiffened by cartilaginous rod and retrorsely hooked. Membranous

extensions on the anterior and posterior edges of the maxillary barbel present in males. Females with

simple barbels having smaller extensions on the anterior edges of the maxillary barbels.

Distal margin of pectoral fin broadly convex, with 1,14 (3), 1,15 (1), 1,16 (1); pelvic i,7 (5) rays.

Proximal two-thirds of first pectoral-fin element co-ossified into a spine without anterior and distal

denticulations. Pectoral spine and articulated segments sexually dimorphic in mature individuals.

Males with spine broad and somewhat flattened dorsoventrally, with 10 distinct posterior serrae,

increasing in size distally; proximal articulated segments with 17 well-developed posterior serrae;

distal-most segments have smaller serrae. Females or juveniles with spine slender and without serrae;

proximal articulated segments with 6 minute posterior serrae, distal segments with 5 minute serrae.

Distal margin of pelvic fin convex, with i,7 (5) rays. Distal margin of anal fin straight, with 90(1),

96(1), 97(1), 98(1) or 101(1) rays; separate from caudal fin. Integument over anal fin thickened

proximally for slightly more than halfof ray lengths; fin-ray erector muscles extending along anterior

edges of anal-fin rays. Caudal fin forked, lobes equal; principal rays 8/8(1) or 8/9 (4). Urogenital

papillae of both sexes located immediately posterior to insertions of pelvic fins.

In %SL: head length 15.5-18.8, head width 8.8-11.7, head depth 9.9-13.1, preanal length

27.2-34.7, prepelvic length 24.3-31.0, prepectoral length 16.0-19.6, body depth at anus 16.4^22.3,

depth of caudal peduncle 4.1-6.1, pectoral-spine length 8.2-10.8, pectoral-fin length 12.6-15.6,

Figure 5. Schematic illustration of the lateral views of heads of

a) Ceratoglani.s sclenmema, ZRC 38010, 286.4 mm SL; b) C.

pachynema, paratype, CAS 94185. 128.2 mm SL. Scale bar= 10

mm.
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pelvic-fin length 4.5—6.9, length of anal-fm

base 63.7-68.3, caudal-fin length

1 1 .9-1 5.3; in %HL: snout length 30.7-3 1 .5,

interorbital distance 33.7-36.6, eye diame-

ter 14.0-16.4. Vertebrae 12 + 51=63(1),

13 + 50 = 63(3) or 12 + 52 = 64(1).

Coloration.— Flanks and thickened

integument over anal fin diffusely pig-

mented with scattered melanophores; a thin

line of melanophores more densely concen-

trated along the distal edge of thickened

integument over anal fin. Dorsal surfaces

and sides ofhead gray, with relatively dense

aggregations ofmelanophores. Melanopho-

res less dense ventral to level of the eye;

ventral surfaces of head and belly unpig-

mented with scattered melanophores. Max-

illary barbels unpigmented.

Interradial membrane of pectoral fin

diffusely pigmented with gray, with a black

distal margin. Pelvic fin with interradial

membrane diffusely pigmented with gray

along margin. Anal fin with interradial

membrane diffusely pigmented with gray

along distal two-thirds, becoming denser

along the distal edge. Interradial mem-

branes of caudal-fin lobes diffusely pigmented with gray along distal three-quarters; melanophores

absent from proximal quarter of lobes and particularly dense at tips of lobes.

Distribution.— This species is known from the southeastern part of the Chao Phraya drainage,

and has been recorded from the Mekong drainage at Ubon Ratchathani by Nabhitabhata (1991)

(Fig. 4).

Etymology.— From pachys, Greek for thick and nema, Greek for thread, in reference to the

thickened maxillary barbels of mature males.

Remarks.— Ceratoglanispachynema can be easily distinguished from C. scleronema in having

a snout with a gently sloping (vs. steep) ventral profile (ventral angle of snout 40°-42° vs. 20°-26°;

Fig. 5). Mature males of C. pachynema also have large membranous extensions ofthe maxillary barbel

present along both the anterior and posterior edges of the barbel (vs. a smaller membranous extension

present only along the anterior edge of the barbel in C scleronema; Fig. 6).

Figure 6. Schematic illustration of the maxillary barbels of; a)

Ceratoglanis scleronema, male, ZRC 41531, 378 mm SL; b) C.

scleronema, female. ZRC 4 1 53 1 . 336 mm SL; c) C. pachynema, male

holotype. CAS 96577, 266.9 mm SL: d) C. pachynema, female

paratype, CAS 96576, 218.7 mm SL. Scale bar = 1 mm.
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The South Asian bagrid catfish genus Sperata Holly, 1 939, comprises a group of four species

distributed from Pakistan to Myanniar. All species of this genus are commercially impor-

tant food fishes and among the largest catfishes of South Asia. The generic name for this

group has undergone a series of replacements and corrections since the name Macrones

Dumeril, 1856, was proposed for Bagrits lamarrii Valenciennes, 1840 |= Sperata seenghala

(Sykes, 1839)) and several other species. Most recently, the genus was known as Aorichthys

Wu, 1939, a name published several months after Sperata. Sperata aor (Hamilton, 1822)

and S. seenghala (Sykes, 1839) were found to be widely distributed in India and neighbor-

ing countries. Sperata aorella (BIyth, 1858), which has been included in the synonymy of

one or the other of these species since shortly after the name was first proposed, was instead

found to represent a valid species of the Ganges River delta and nearby areas. The species

o{ Sperata distributed widely in Myanmar is not any of the named forms and is herein

described as Sperata acicularis n. sp.

In 1822, Hamilton published a description and two figures of a new species of catfish from the

Ganges River that he named Pimelodus aor. Among the characteristics mentioned in the description

and seen in the illustrations were a prominent black spot on the posterior end of the adipose tin (Fig.

la), a strongly depressed head, and an ovoid bone on the nape situated on the dorsal midline, between

the tip of the supraoccipital process and the base of the dorsal fin (Fig. lb).

Soon thereafter, several new species of fish were described as being similar to Hamilton's

Pitnehxhis aor. Sykes (1839a, 1839b, 1841) stated that he considered his new species, Platystoma

seenghala, from the Deccan region of peninsular India "closely allied" (Sykes 1841:372) to Hamil-

ton's species. Valenciennes (in Cuvier and Valenciennes 1840) described his new Bagrus lamarrii

as similar in form to, and of the same coloration as, Pimelodus aor. The similarity to Hamilton's

species was clearly implied by the choice of names given to Bagrus aorinus Valenciennes, 1840 (in

Jacquemont 1835-1844), Bagrus aorides Jerdon, 1849, and Bagrus aorellus Blyth, 1858.

At about the same time as these last species were being named, Dumeril ( 1 856) suggested that a

group of catfishes, including Valenciennes' Bagrus lamarrii, belonged to a distinct genus for which

he proposed the name Macrones. That name was quickly adopted for a large and diverse group of

Asian bagrid catfishes (e.g., Gunther 1864; Day 1877). Within the broad genus Macrones, Gunther

(1864) recognized a small subgroup based on a comparatively short adipose fin and a separate

397
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interneural shield, to which he assigned Pimelodus aor, its purported synonyms, and Bagrus lamarrii.

Although not formally named, this appears to be the first recognition of a group that is called Sperata

herein. This group has, over time, been elevated to subgeneric rank [as Mystus {Osteohagnis), Jayaram

1 954] or generic rank (e.g.. Aoric/ithys, Jayaram 1 968; Talwar and Jhingran 1 99 1 ). As part of a broad

phylogenetic study of the catfish family Bagridae, Mo (1991) presented additional morphological

evidence that supported the idea that these fishes formed a natural group deserving of generic rank.

The purpose of this paper is to review the species of the group referred to in the recent literature

as Aorichthys or Osteohagrus in order to determine the number of, and correct names for, included

species and determine the valid generic name for the group.

Methods AND Materials

Specimen lengths are given as standard length. Measurements were taken from the left side of

the body as follows: anal-fin base—from anal-fin origin to posterior base of last anal-fin ray; body

depth at pectoral fin—measured perpendicular to long axis of body at pectoral-fin base; body width

at cleithmm—measured at anterior margin of pectoral-spine base; head length—from snout tip to

most posterior edge of fieshy operculum; interneural shield length—superficial, exposed part of

supraneural measured along dorsal midline; interorbital width—dorsal edge of membranous orbit of

one eye to that of other eye; orbit length—horizontal distance across eye to margins of free orbital

membrane; pectoral-spine length—measured from joint to tip of spinous portion, not including

filamentous extension; pelvic-fin length—from pelvic-fin origin to tip of longest ray ofadpressed fin;

preadipose length—from snout tip to point where adipose fin starts to rise from body; preanal

length—distance from snout tip to anal-fin origin; predorsal length—from snout margin to base of

first dorsal-fin spine {- spinelet); prepelvic length—snout tip to base of first pelvic-fin ray; snout

length—from tip of snout to horizontal line through anterior margin of fieshy orbit; snout to

supraoccipital spine—from snout tip to posterior-most edge of supraoccipital spine visible on surface

of skin; supraoccipital spine length—from anterior-most portion of spinous process to end of visible

portion of spine.

Dorsal and pectoral-fin ray counts do not include spinous elements. Anal-fin ray counts are

reported as unbranched and branched rays. Anterior unbranched rays are embedded in thick skin and

difficult to count, except by radiograph. Usually, the first branched anal-fin ray occurs immediately

posterior to the longest ray of the fin, which is unbranched. However, in some individuals the longest

ray was branched near its tip and was therefore included in the branched ray count. Principal caudal-fin

ray counts include branched rays and one unbranched ray in each lobe of the fin. Gill raker counts

include all bony elements on the outer face of the first gill arch, including anterior rudiments. Total

gill rakers as well as differential raker counts (upper and lower) are provided as both meristics proved

useful in discriminating species. A gill raker situated at the angle of the arch was included in the count

of the lower arm.

Vertebral counts were taken from radiographs or dry skeletal preparations. Counts include four

vertebrae for the Weberian complex and one for the hypural complex. Vertebra 5 was recognized by

having an elongate hour-glass shaped centrum, which was sutured anteriorly to the Weberian

complex, and no rib. The precaudal vertebral count includes all vertebrae anterior to the centrum with

a complete hemal arch; the caudal vertebral count includes all remaining vertebrae. The preanal

vertebral count includes all vertebrae for which the hemal spine was anterior to first anal-fin

pterygiophore. Rib counts refer to the number of vertebrae possessing a rib, even if ribs are not

bilaterally paired.

Throughout the paper, we refer to the third edition of International Code ofZoologieal Nomen-

clature (International Commission on Zoological Nomenclature 1985) as the Code.

Museum abbreviations used in this paper follow Leviton et al. (1985).
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Systematic Accounts

Sperara Hol\y, 1939

Macrones Dumeril, 1856:484 (Type species: Bagnis lamarhi Valenciennes. 1840, by original designation).

Preoccupied in Coleoptera by Macrones Newman, 1841.

Aoria Jordan, 1919:34 1 (replacement for Macrones Dumeril, 1 856, and therefore taking the same type species,

Bagriis lamarrii Valenciennes, 1840). Preoccupied in Coleoptera by Aoria Baly. 1863.

Sperata Holly. 1 939: 143 (replacement for Macrones Dumeril. 1 856. and therefore taking the same type species,

Bagrus lamarrii Valenciennes, 1 840 [but mistakenly listed with "Sperata w/rcz/z/.s (Bloch)" as type species]).

Aorichthys Wu, 1939:131 (replacement for Aoria Jordan, 1919, and therefore taking the same type species,

Bagrus lamarrii Valenciennes. 1840).

Macronichthys White and Moy-Thomas, 1940:505 (replacement ^ox Aoria Jordan, 1919, and therefore taking

the same type species, Bagrus lamarrii Valenciennes, 1 840).

Osteohagrus (subgenus of A/v'.s///,v) Jayaram, 1954:529, 547 (Type species: Pimelodus aor Hamilton, 1822, by

original designation).

Diagnosis.— Sperata is distinguished from all other bagrid catfishes in having the following

combination of derived characters: an elongate depressed snout, an interneural shield that is not

suturally attached to the exposed surface of the first dorsal-fin pterygiophore, a concavity on the

posterior surface of the posttemporal into which an anterior extension of the swimbladder rests

(Jayaram 1973), a swimbladder with a complete internal longitudinal septum (Jayaram 1954), an

elongate maxilla (Mo 1991 ), and a large round or ovoid dark spot near the posterior margin of the

adipose tin.

Remarks.— Sperata is a readily recognizable group of South Asian catfishes. The elongate,

depressed head and snout that gives the appearance of a duck's bill and the prominent dark adipose-fin

spot permit ready identification of these fishes. In addition, two species, Sperata aor (Fig. 2b) and S.

seenghala (Fig. 2d), have a large, rugose shield-shaped supraneural bone on the nape (called the

interneural shield by Jayaram [1954]), that is not sutured to the first dorsal-fin pterygiophore. The
supraneural bone in other bagrids is firmly united along its posterior margin to the first dorsal-fin

pterygiophore. The supraneurals of the other two species, Sperata acicularis (Fig. 2a) and 5. aorella

(Fig. 2c), are not much expanded anteriorly or laterally, but are separate from the pterygiophore. These

latter two species have proportionally much longer supraoccipital spines than do the former species.

Together, the supraoccipital spine and superficial part of the supraneural traverse nearly the entire

middorsal extent of the nape in all four species.

As indicated in the synonymy ofSperata, the generic name for this group has undergone a number
of changes. Almost immediately after Macrones was proposed by Dumeril ( 1 856), it was adopted for

a large group of Asian bagrid catfishes, with Bagrus lamarrii as its type. Macrones was used widely

until Jordan (1919) noted that the name was preoccupied by Macrones Newman, 1 84 1 (in Coleoptera).

Unfortunately the replacement he proposed, Aoria, was itself preoccupied by Aoria Baly, 1863 (in

Coleoptera). The prior use of Aoria was noted independently in Wu (1939) and White and Moy-
Thomas (1940), probably due to the recent publication of the first volume of Neave's (1939)

Nomenclator Zoologiciis, and a replacement name was proposed in each: Aorichthys Wu, 1939, and

Macronichthys White and Moy-Thomas, 1940. At about the same time. Holly (1939) also discovered

that Macrones was preoccupied, but he was apparently unaware of Jordan's replacement name when
he proposed Sperata as a replacement. Jayaram (1954) knew of all of the generic names proposed

previously for this group and correctly noted that Macrones and Aoria were preoccupied. He was
apparently unaware, however, that Sperata, Aorichthys, and Macronichthys were each proposed as

replacements, each with Bagnis lamarrii as its type. Instead, he considered the taxon that included

the names Pimelodus aor and Bagrus lamarrii to be without an available generic-level name and
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proposed the subgenus Osteobagrus, with P. aor as its type. He again supported this distinction in

reviewing the taxonomic status of the generic name Mystus (Jayaram 1962), into which he

synonymized Macrones, Aoria, Sperata, Aoiichthys, and Macronichthys, but not Osteohagnts.

Subsequently, Jayaram (1968, 1973) recognized Aorichthys as the valid name for the taxon he

previously called Osteobagrus, which he then considered to be ofgeneric rank. Since then, Aorichthys

has been widely regarded as the valid name for the taxon, as either a subgenus of Mystus (e.g., Misra

1 976) or a genus (e.g., Jayaram 1 98 1 ; Talwar and Jhingran 1 99
1 ).

Although both Sperata and Aorichthys were proposed in 1939, the former predates the latter by

several months. Sperata was published in part 5/6 of volume 125 of the Zoologicher Anzeiger. the

cover page of which bears a publication date of February 15, 1939. Aorichthys was published in

volume 10 ofSinensia which was issued in its entirety in December, 1939. Thus, Aorichthys must be

considered a junior synonym of Sperata.

Holly (1939) specifically indicated that Sperata was proposed as a replacement for Macrones

Dumeril, 1856, which was shown to be preoccupied. According to article 67(h) of the Code, a

replacement name for the junior homonym must take the same type as the name it replaces "despite

any statement to the contrary." Therefore, Sperata must take Bagrus lamarrii Valenciennes as its type

even though Holly, for whatever reason, listed Sperata vittata (Bloch) as the type of his new name.

Four species of Sperata are recognized herein. The species were found to differ in a variety of

meristic characters, summarized in Tables 1 through 6. In addition, the shape of several bones of the

head and nape also appear to diagnose the species. The small sample size of some species available

for study, combined with the wide range of sizes ofspecimens, made it difficult to find morphometric

trends among the species. A few morphometric distinctions are proposed (Table 7), but a thorough

study of the morphometry of the species was not possible on the basis of the available material.

Because we now recognize three Sperata species in the Ganges River basin, within which only

two species have been recognized previously, it is difficult to ascertain at this time which aspects of

the biology ofthese fishes, ifany. are species specific. Therefore, a summary ofthe biology ofSperata

is presented here, rather than in the individual species accounts.

All species ofSperata are important food fishes (Prashad and Mukerji 1929; Talwar and Jhingran

1 99 1 ) that grow to a large size, cited as reaching 1 .8 m in various literature sources (e. g., Talwar and

Jhingran 1991 ), but reports of specimens greater than 1 m are rare. Some preliminary information of

the size at maturity is found in Sundara Raj (1962:194), within which the species were in the genus

Mystus. Therein, nest-guarding males identified as Mystus aor ranged in size from 342 to 460 mm,
while a single M. seenghala male was 685 mm. Saigal (1967:24) found that gonad maturation

commenced at about a total length of 800 mm in specimens identified as Mystus aor.

Food habits were reported for Sperata aor (Saigal 1967). Young individuals were found to eat

primarily insects offthe substratum, whereas adults fed on fish and insects from both the water column

and on the bottom. A wide variety offish were found in the gut contents of 5". aor.. and the relative

proportion of various types of food changed seasonally.

The reproductive biology of Sperata is incompletely known. Spawning is said to occur before

the beginning of the southwest monsoon season (Saigal 1967; Talwar and Jhingran 1991), and nests

were found in rocky-bottoms at Bhavani, India, during the month of May (Sundara Raj 1962:194).

Individuals were reported to spawn at irregular intervals throughout the reproductive season and

females were capable of producing more than 1.2 million ova (Saigal 1967:25). The most remarkable

aspect of the reproductive biology of Sperata was the suggestion made by Sundara Raj (1962:195)

that males may incubate eggs in highly vascularized, spongy skin on the ventral surface of their

abdomen, and that the same males may feed the newly hatched fry with a milky-white exudate from

the abdominal wall. Saigal ( 1 967:29) reported that mature individuals had "almost empty guts" during

the breeding season, suggesting that they did not feed during that period. As mature Sperata are

primarily piscivorous, the cessation of feeding activity by the parents while caring for the young be
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Table 1 . Precaudal and caudal vertebral counts for four species of Sperata.

Precaudal vertebrae

16 17 18 19 20 21 22 23

Caudal vertebrae

28 29 30 31 32 33 34 35 36 37

S. aciculahs 4 2

S.aor 4 4 9

S. aorclla 5

S. seenghala

1 2 1

5 5 2

1

Table 2. Preanal and total vertebral counts for four species of Sperata.

S. aciciilaris

S. aor

S. aorella

S. seenghala

Preanal vertebrae

25 26 27 28 29 30 31 32

5

10

Total vertebrae

47 48 49 50 51 52 53 54

Table 3. Pectoral and branched anal-fin ray counts for four species ofSperata.
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Key to the Species of Sperata

1

.

Intemeural shield (exposed portion of supraneural) as long as. or longer than, supraoccipital spine; in large individuals.

interneural shield rugose and ovoid (Figs. 2b. 2d) 2

Intemeural shield markedly shorter than supraoccipital spine and not rugose (Figs. 2a. 2c) 3

2. Intemeural shield approximately as long as supraoccipital spine (Fig. 2b); pectoral-fin rays 10 or 11; snout rounded in

dorsal view; maxillary barbel typically extends to caudal fin; orbit extends across the middle of length of head; gill

rakers typically 19 or 20 5pt'/v//c/ aor( India. Bangladesh. Nepal)

Intemeural shield longer than supraoccipital spine (Fig. 2d); pectoral-fin rays 8 or 9; snout distinctly tmncate in dorsal

view; maxillary barbel typically extends no further than to middle of body, at least in large individuals; orbit entirely

in anterior half of head; gill rakers 13— 15 5/7t'rc/m.?ef//g/7a/a (India. Bangladesh. Nepal. Pakistan)

3. Supraoccipital spine long, slender and needlelike, tapering to a point posteriorly (Fig. 2a); pectoral-t1n rays 10 (rarely 9);

branched anal-fm rays 10-12; gill rakers usually 14 or 15 (rarely 16-19)

S/jf/Yz/a a(:7'c;//(//7.v n. sp. (Myanmar. '.'Thailand)

Supraoccipital spine long, distinctly narrower anteriorly and with rounded posterior end (Fig. 2c); pectoral-fm rays 9

(rarely 10); branched anal-tin rays 9; gill rakers 20 to 22 S/ptrato flo/-e//rt (eastern India, Bangladesh)

Sperata acicularis new species

Figs. 2a, 3, 4a

Macrones aor (not Harnilton): Day 1873:cclxi (in part) (Bunna); 1877:444 (Bunna); 1889:149 (Burma).

Vinciguerra 1890:217 (Burma: Mandalay). Kyaw Win 1971:53, fig. 22-1 (Buima: Iirawaddy River at

Taung-tha-man 'inn').

Aoria aor {noi Hamilton): Prashad and Mukerji 1929:178 (Burma: Indawgyi Lake).

Mystus (Aorichthys) aor (not Hamilton): Misra 1976:74 (in part) (upper Bumia).

Aorichthys aor (not Hamilton): Jayaram, 1981:205 (in part, Burma). Talwar and Jhingran 1991:547 (in part)

(upper Buima).

IMacrones seenghala (not Sykes): Chaudhuri, 191 1 :20 ("Lake Tali Fu, Yunnan").

Type Material.— Holotype: CAS 209024, 277 mm, Myanmar, Yangon Division, South

Oak-ka-lar-pa Market (eastern Yangon), 27-28 Oct. 1 997, C. J. Feiraris, Mya Than Tun. Paratypes:

BMNH 1894.5.24.23-24 (2, 274-295 mm), Myanmar, Sittaung River, E. W. Gates. CAS 209023 (2,

70-199 mm), Tenasserim River, upstream from Htee-tah, 1-16 March 1992, T. R. Roberts. CAS
67697 (1,417 mm), Thailand, Chao Phraya Basin, Sing Buri Market. CAS(SU) 14491 (2, 258-283

mm), Myanmar, Pegu [= Bago], 1940, A. W. Herre. NRM 14980 (2, 150.0-165.0 mm), Myanmar,

Mandalay, 1935. NRM 31056(1,214 mm), Myanmar, Kachin State, Ayeyarwaddy River, 10 March

1934, R. Malaise. NRM 31080 (2, 157-189 mm), Myanmar, Sagaing Division, Shweli River,

probably emptying into Ayeyarwaddy at Inywa, Feb 1 935, Maung Lu Daw. NRM 40002 ( 1 , 1 96 mm),
Myanmar, Kachin State, Myitkyina market, 30 March 1997, F. Fang, and A. Roos. NRM 40650 (3,

191-234 mm), Myanmar, Myitkyina, Lonton village market on Lake Indawgyi, 31 March 1998,

S. O. Kullander, and R. Britz.

Diagnosis.— Sperata acicularis is readily distinguished from its congeners by having both a

long, slender supraoccipital spine that tapers posteriorly to a point and a slender intemeural shield

that is shorter than the supraoccipital spine and no wider than the widest part of that spine.

This species can be further distinguished from each of the other species of Sperata by one or

more additional characters. Sperata acicularis differs from S. aorella in having fewer gill rakers

(14-19, typically 14 or 15, vs. 20-22), more precaudal vertebrae (17 or 18, vs. 16), more preanal

vertebrae (29 or 30, vs. 25-27), more total vertebrae (5 1-54 vs. 47-49), more ribs ( 1 5-1 7, vs. 1 3 or

14), more branched anal-fm rays (10 or more, vs. 9) and more pectoral-fm rays (10, rarely 9, vs. 9,

rarely 10). Sperata acicularis differs from S. aor in having modally fewer gill rakers (14 or 15, vs.

19 or 20) and generally more anal-fin rays (10-12, vs. 8-10) than S. aor, and a truncate, rather than

broadly rounded, snout. Sperata acicularis differs from S. seenghala in having fewer precaudal

vertebrae (17 or 18. vs. 21-23), more caudal vertebrae (33-27, vs. 28-32) more pectoral-fin rays ( 10,
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Table 5. Total gill rakers on first gill arch of four species of Sperata.
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Figure 2. Head and nape of four species of Sperala, in dorsal view. Maxillary barbels truncated; stippled areas indicate

bones that are exposed at surface, a) Sperata aciciilaris new species, CAS 209024, 277 mm; b) Sperata aor, CAS(SU) 1 4 1 24.

278 mm; c) Sperata aorella. CAS(SLI) 34852, 234 mm; d) Sperala seenghala. CAS 24247, 284 mm. Abbreviations: ss-

supraoccipital spine; in- intemeural shield; dfp- exposed portion of first dorsal-fm pterygiophore. Illustration by Alison

Schroeer.
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Snout long and depressed; lateral margins nearly parallel. Anterior margin of snout slightly

rounded, nearly truncate in some individuals. Mouth slightly subterminal; most premaxillary teeth

exposed when mouth closed. Oral teeth small, sharply pointed, in irregular rows on all tooth-bearing

surfaces. Premaxillary tooth band shallowly crescentic, width ofband somewhat greater near midline.

Tooth band of dentary narrower than premaxillary band at symphysis, tapering laterally. Palatal tooth

patch unpaired, continuous across midline; smoothly arched along anterior margin, tapering laterally

to point that extends posteriorly well past level of premaxillary band; band width narrower than

premaxillary band at midline, widening laterally and then tapering to sharp point posterolaterally. Gill

rakers of first arch long, slender, and closely spaced. Gill rakers 11 to 14 on lower arm plus 3 (rarely

4 or 5) on upper arm. Rakers present only on outer face of first two arches, on both faces of next two

arches.

Dorsal fin located above middle of body; fifth or sixth dorsal-fin ray located at vertical through

middle of standard length. Dorsal-fin base shorter than length of first branched ray. Dorsal fin margin

straight, first branched ray longest, more than twice length of last ray. Last ray without posterior

membranous connection to body. Dorsal fin with spinelet, spine, and 7 branched rays. Dorsal-fin

spine long, straight and slender; spine margin smooth anteriorly and laterally, but with fine serrations

on distal half of posterior edge. Spine slightly shorter than first branched ray. Tip of adpressed spine

just reaches adipose-fin origin. Distance between dorsal fin and adipose fin less than dorsal-fin base

length. Interneural shield narrow, tapering to fine point anteriorly; shorter than supraoccipital spine.

Superficial ossification of dorsal-fin pterygiophores broadly united across midline, and forming a

chevron-shaped bone, pointed anteriorly (Fig. 4a).

Adipose-fin base approximately 1 Vi times length of dorsal-fin base; fin height about one-fourth

of its length. Adipose-fin margin straight anteriorly, slightly convex for remainder of its length;

posterior portion deeply incised.

Caudal fin deeply forked; lobes pointed, asymmetrical, lower lobe wider than upper; upper lobe

continued as filament in intact specimens. Middle rays approximately one-third as long as unbranched

principal ray of lower lobe. Principal caudal fin with rays: i,7,8,i. Procurrent rays symmetrical and

extending only slightly anterior to fin base.

Anal-fin origin ventral to middle of adipose fin. Anal-fin margin straight; first branched ray

longest, about twice length of last ray, which lacks posterior membranous connection to body. Anal

fin with 3 or 4 unbranched, and 10 (rarely 11 or 12) branched rays.

Pelvic-fin origin at vertical through posterior end of dorsal-fin base. Fin margin straight, its first

branched ray longest; posterior-most ray about two-thirds length of first ray. Fin with one unbranched

and five branched rays. Tip of adpressed fin not reaching to anal-fin origin.

Pectoral fin with stout spine, sharply pointed at tip. Anterior spine margin smooth, posterior

margin with moderately strong serrations along entire length. Pectoral-fin margin straight anteriorly,

convex posteriorly. First branched ray longer than spine and approximately IVi times as long as last

ray. Pectoral-fin with 10 (rarely 9) branched rays.

Color in Preservative.— Body silvery grey on dorsal half of lateral surface, white or silver

ventrally. Grey region resulting from presence of fine black pigment covering side of body for most

of its length, but only dorsal to lateral line on caudal peduncle. Dorsal surface ofbody and head brown.

On head, brown regions restricted to exposed cranial bones and around orbit. Ventral surface of head

and abdomen without dark pigmentation.

Dorsal fin pale basally, progressively darker distally; anterior edge of spine and distal extent of

rays dusky. Dusky region of anterior rays less extensive than on more posterior rays. Adipose fin

mostly dusky; margin of fin with fine, distinct dark band. Posterior portion of fin with ovoid black

spot, smaller than orbit in diameter; spot surrounded by pale halo. Caudal peduncle with blackened

area just ventral to adipose-fin spot, appearing as extension of spot. Caudal fin dusky, ventral lobe

darker; ventral unbranched principal ray and ventral procurrent rays white. Anal fin generally pale
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Figure 3. Sperata aciciilaris, new species, 277 mm SL, holotype. CAS 209024. Myanmar. Yangon Division. South

Oak-ka-lar-pa market. Illustration by Alison Schroeer.

with only slight duskiness distally; in one specimen (CAS 209024) distal half of anal fin heavily

pigmented. Pelvic fin pale, or with broad diffuse dusky subterminal band. Pectoral fin with scattered

fine dark pigmentation on outer rays, little or no pigment on innermost rays. Pectoral spine dark

dorsally and pale ventrally.

Remarks.— The first record oi Sperata aciciilaris appears to be that of Day (1873), where

Myanmar (as Burma) is listed among the localities for Macrones aor and the Burmese name for this

species, Nga-Joung, is noted. This species has been generally considered conspecific with Sperata

aor, but at least one author has suggested a difference between that species and the Ayeyarwaddy

River form (recognized here as 5. aciciilaris). Kyaw Win (1973) noted that the maxillary barbel of

specimens from near Mandalay extend only to the adipose fin and not to the end of the caudal fin as

widely reported for individuals of 5. aor from the Ganges River drainage. Although the maxillary

barbel of S. aor does not always extend to the tip of the caudal fin (see Remarks under that species),

it extends well past the adipose-fin origin.

Little has been reported about the biology of Sperata aciciilaris. Prashad and Mukerji (1929)

stated that the species was abundant both in Indawgyi Lake and elsewhere in northern Myanmar and

was a common food fish all year round.

Distribution.— Sperata aciciilaris is known from the Ayeyarwaddy, Bago, and Tenasserim

river systems of Myanmar. One record from the Chao Phraya basin of Thailand (CAS 67697) is

probably incorrect since there are no literature accounts of the species or any of its congeners in the

Chao Phraya, or anywhere else in Thailand (e. g.. Smith 1945; Suvatti 1950; Kottelat 1989). As this

species is quite large and distinctive, we believe it unlikely that it was overlooked until now and,

instead, suggest that the locality information associated with this specimen is erroneous.

Sperata aciciilaris appears to be the only species present in Myanmar, but during this study we

examined one specimen of 5. seenghala (NRM 1 8809), which was reported from "probably Mandalay

or Yangon areas." Whether this represents a second species in Myanmar or an erroneous locality

cannot be determined at this time.

Etymology.— The name aciciilaris, Latin for needlelike (Brown 1956), refers to the long

slender supraoccipital spine that most readily distinguishes this species from its congeners.
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Figure 4. Anterior view of dorsal fin and associated ossifications of four species of Sperata. in dorsal view. Stippled area

indicate bony parts of intemeural shield and dorsal-fin pterygiophores that are visible in intact specimens, a) Sperata acicularis

new species. NRM 31056, 214 mm; b) Sperata aor. CAS(SU) 34853, 215 mm; c) Sperata aorelhh MCZ 39637. 179 mm; d)

Sperata seenghala, MCZ 8185, 259 mm. Abbreviations: in - intemeural shield; dfp- exposed portion of first dorsal-fin

pterygiophore. Scale bar = 10 mm. Illustration by Kathryn Runge.
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Sperata aor (Hamilton, 1822)

Figs. I, 2b, 4b

Pimelodiis aor Hamilton, 1822:205, 379, pi. 20, fig. 68 (Type locality: Rivers of Bengal and upper parts of

Gangetic estuaries).

Bagrus aor Valenciennes, in Cuvier and Valenciennes, 1840a:405 (Bengale). Valenciennes, 1840 (in Jac-

quemont, 1835-1844): pi. 16 (India).

Bagrus aorides Jerdon, 1 849:336 (Type locality: India: Cauvery River at Errode; no types known to exist).

Macrones aor Giinther, 1864:78 (India, Bangladesh). Day 1873:cclxi (in part) (plains of India); 1877:444 (in

part)(India). Lydekker, 1886:250, pi. 36, fig. 5 (India: Siwalik Hills [Tertiary deposits]). Day 1889:149(in

part) (India); Woodward, 1901:327 (India: Siwalik Hills [Lower Pliocene]).

Mystus (Osteohagrus) oor Jayaram, 1954:548, fig. 10 (in part) (India); Srivastava, 1968:77, fig. 49 (India: Uttar

Pradesh).

Aorichthys aor ]2iyax2im, 1973:155, fig. la, (in part, India); 1981:205, fig. 98, 99b (in part) (India, Bangladesh).

Talwar and Jhingran 1991:547, fig. 178 (in part) (India, Nepal, Bangladesh).

Mystus (Aorichthys) aor Misra, 1 916:1 '\ (in part) (India).

Mystus aor Ataur Rahman, 1989:197 (Bangladesh); Shrestha, 1994:54, fig. 83 (Nepal: Terai region).

Diagnosis.— Sperata aor is distinguished from its congeners by the combination of a broadly

rounded snout margin and a large, ovoid, intemeural shield that is approximately the same length as

the supraoccipital spine.

In addition, this species has a unique combination of meristic values that further distinguish it

from each of its congeners. Sperata aor has a higher modal gill-raker count than does S. acicularis

(19 or 20, vs. 14 or 15) and generally fewer branched anal-fm rays (8-10, vs. 10-12). Sperata aor

differs from S. aorella in having more preanal vertebrae (28-30, vs. 25-27), more total vertebrae

(50-52, rarely 49, vs. 47^9), and more pectoral-fin rays ( 1 or 1 1 , vs. 9, rarely 10). Sperata aor has

a higher modal gill-raker count than does S. seenghala (19, vs. 14) as well as more pectoral-fin rays

( 1 or 1 1 , vs. 8 or 9) and fewer precaudal vertebrae ( 1 6-1 9, vs. 2 1-23 ).

Description.— Body long, slender; body depth at dorsal-fin origin only slightly greater than

that anterior to adipose-fin origin, more posteriorly tapering gradually. Ventral surface of head and

body flat to anal-fin base. Body slightly compressed and triangular in cross section across abdomen,

compressed and ovoid across caudal region. Caudal peduncle narrow, only slightly deeper than

diameter of eye. Anus and urogenital openings located at vertical through middle of adpressed pelvic

fin; distance from anal-fin base greater than anal-fin base length. Skin smooth. Lateral line complete,

midlateral; canal curves slightly dorsally on caudal-fin base. Lateral line in humeral region with

numerous accessory canals and pores.

Head elongate, progressively depressed anteriorly. In lateral view, profile of head acutely

triangular, with ventral surface of head nearly horizontal. Gill opening wide, extending from exposed

surface of posttemporal to beyond isthmus. Gill membranes free from, and not attached across,

isthmus. Branchiostegal rays 12 or 13. Bony elements of dorsal surface of head covered with thin

skin; bones readily visible, ornamented with fine, irregular, radial grooves. Midline of cranium with

elongate fossa extending from posterior of snout nearly to base of supraoccipital spine; posterior half

of fossa occupied by posterior fontanel, separated from slender anterior fontanel by wide epiphyseal

bar. Lateral fontanel small, shorter than orbital diameter. Supraoccipital spine elongate, with parallel

sides and blunt posterior tip. Spine of smaller specimens slender and needlelike, becoming propor-

tionally wider in larger individuals. Cephalic lateral-line canal system with extensive branching of

most canals; integument covering fontanels, cheeks, and olfactory chamber thoroughly covered with

canals and pores.

Barbels in four pairs. Maxillary barbel long, slender, without medial membrane; tip of barbel

extends at least to caudal peduncle and often past tip ofcaudal-fin rays. Nasal barbel slender; extending
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past anterior margin of orbit and sometimes to its posterior margin. Inner mental-barbel origin close

to midline; barbel thicker and longer than nasal barbel, extending to level of posterior margin of orbit.

Outer mental barbel originates about one-half of eye diameter posterolateral of inner mental barbel;

barbel thicker and longer than inner mental barbel, extending past pectoral-fm origin.

Eye ovoid, horizontal axis longest; located entirely in dorsal halfof head. Center of eye at middle

of head length. Upper margin of orbit reaching dorsal profile of head; frontals bowed dorsally along

lateral margin; interorbital region ofneurocranium distinctly concave. Eye diameter less than, or equal

to, one-half of snout length and slightly less than interorbital width. Orbit with free margin.

Snout long and depressed; lateral margins slightly convergent anteriorly. Snout margin distinctly

rounded, with fleshy upper lip extending anteriorly beyond upper jaw. Mouth subterminal, premax-

illary tooth patch exposed when mouth closed. Oral teeth small, sharply pointed, in irregular rows on

all tooth-bearing surfaces. Premaxillary tooth band rounded, of equal width throughout. Dentary tooth

band much narrower than premaxillary band at symphysis, tapering laterally. Palatal tooth patch

unpaired, continuous across midline; smoothly arched along anterior margin, tapering laterally to

point extending posteriorly well past level of premaxillary band; band width narrower than premax-

illary band at midline, widening laterally and then tapering to sharp point posterolaterally. Gill rakers

of first arch long, slender and closely spaced. Gill rakers 12 to 15 on lower arm plus 4 or 5 (rarely 3

or 6) on upper arm. Rakers present only on outer face of first two arches, present on both faces of

next two arches.

Dorsal fin located above middle of body; middle of fin at vertical through middle of standard

length. Dorsal-fin base shorter than length of first branched ray. Dorsal-fin margin straight, first

branched ray longest, more than twice length of last ray. Last dorsal-fin ray without posterior

membranous connection to body. Dorsal fin with spinelet, spine, and 7 branched rays. Dorsal-fin

spine long, straight, and comparatively robust; slightly shorter than first branched ray. Anterior and

lateral spine margins of small specimens smooth, with fine serrations on distal half of posterior edge.

In large individuals, anterior and lateral margin of spine granular, posterior serrations less prominent.

Tip of adpressed spine reaches past adipose-fin origin. Distance between dorsal fin and adipose fin

less than one-half of dorsal-fin base length. Intemeural shield elongate oval with rounded anterior

and posterior margins. Superficially first dorsal-tin pterygiophore appears narrowly united across

midline or completely separated by thick skin; anterior margin deeply concave anteriorly (Fig. 4b).

Adipose-fin base length approximately Wi to 2 times that of dorsal-fin base; fin height about

one-fifth of its length. Adipose-fin margin slightly convex for entire length; posterior end deeply

incised.

Caudal fin deeply forked; lobes pointed, symmetrical, except upper lobe continued as filament

in intact specimens. Middle rays approximately one-third as long as unbranched principal ray of lower

lobe. Principal caudal fin with rays: i,7,8,i. Procurrent rays symmetrical and extend only slightly

anterior to fin base.

Anal-fin base ventral to posterior half of adipose fin. Fin margin straight; first branched anal-fin

ray longest and about twice length of last ray. Last ray without posterior membranous connection to

body. Anal fin with 3 or 4 unbranched, and 8 to 10 branched rays.

Pelvic-fin origin at vertical through posterior end of dorsal-fin base. Pelvic-fin margin slightly

convex; first branched ray longest, posterior-most ray about two-thirds length of first ray. Pelvic fin

with one unbranched and five branched rays. Tip of adpressed fin not reaching to anal-fin origin.

Pectoral fin with stout spine, sharply pointed at tip. Anterior spine margin smooth, posterior

margin with moderately strong serrations along entire length. Pectoral-fin margin straight anteriorly,

convex posteriorly. First branched ray longer than spine and approximately IVi times as long as last

ray. Pectoral fin with 1 or 11 branched rays.

Color in Preservative.— Body silvery grey to brown dorsally and on upper half of lateral

surface, white or pale ventrally. Grey region resulting from fine black pigment that extends ventrally
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to lateral line along caudal peduncle and somewhat below lateral line more anteriorly. Dorsal surface

of head brown, most prominent on exposed cranial bones and laterally to level of ventral margin of

orbit. Ventral surface of head and abdomen pale. Humeral region with diffuse, eye-sized, dark spot

at upper extent of gill opening.

Dorsal fm dusky at base and on distal half of fm, with medial oblique pale band. Adipose fin

dusky, leading edge sometimes darker, but not forming distinct terminal band. Posterior end of fm

with ovoid black spot approximately equal in size to pupil. Adipose fm without pigmentation dorsal

and posterior to spot. Dorsal surface of caudal peduncle with tiny blackened area posterior to adipose

fm, appearing as extension of spot. Caudal fm with scattered pigmentation, primarily on branched

rays of ventral lobe and base of dorsal lobe; ventral unbranched principal ray and ventral procurrent

rays white. Anal fm pale, with little or no pigmentation. Pelvic fin with few fine, scattered pigmen-

tation, somewhat denser basally. Pectoral fin with irregularly scattered pigmentation on dorsal

surface, pale ventrally.

Remarks.— Sperata aor has typically been distinguished from the one previously recognized

congener, S. seeng/mla, on the basis of three characters: a longer maxillary barbel, a rounded (vs.

truncate) snout, and fewer principal caudal-fin rays ( 1 7, vs. 1 9-2 1 ) (e.g., Jayaram 1981; Talwar and

Jhingran 1991). We found that the first two characters are generally accurate, although difficult to

interpret in some specimens. The maxillary barbel o^Sperata aor always extends at least to the caudal

peduncle and often past the caudal-fin base while that of 5. seenghala usually does not extend past

the posterior end ofthe dorsal-fin base. However, the smallest specimens of5. seenghala we examined

(SU 41083, 108-130 mm) had maxillary barbels that extended past the middle of the adipose fin,

nearly as far as those of some S. aor. It appears that barbel length distinguishes adults of these two

species, but not for juveniles.

The snout of a well-preserved specimen o^ Sperata aor is indeed broadly rounded and contrasts

markedly with the nearly straight snout margin of S. seenghala. However, specimens of S. aor

sometimes have a truncate, if somewhat asymmetrical, snout margin that is not easily distinguished

from S. seenghala. It appears to us that these specimens were first preserved with their snouts pushed

against the bottom or side of their container, making the snout shape an artifact of preservation. Thus,

snout shape may readily distinguish fresh specimens, but may lead to misidentifications of some

preserved material.

The reported difference in caudal-fin ray counts between Sperata seenghala and S. aor appeared

first in Day ( 1 876), and has been widely repeated up to recent times (e.g., Jayaram 1981; Talwar and

Jhingran 1991). We found no species-level distinction in caudal-fin ray counts. Nearly all Sperata

specimens examined had 17 principal rays, with a few specimens having 16.

Sperata aor is the only species of the genus known from fossil material. A single specimen found

in Tertiary deposits in the Siwalik Hills (Lydekker 1886; Woodward 1901) exhibits the same shape

and size of the intemeural shield as that of Recent material.

Distribution.— Known from the Ganges river system of India, Bangladesh, and Nepal and in

peninsular India south to the Cauvery River.

Jayaram, Venkateswarlu and Ragunathan (1982) reported this species from the Cauvery River

of southern India, but Talwar and Jhingran ( 1991 ) listed only Sperata seenghala from that drainage.

We have not examined any specimens from that drainage during the course of this study and, therefore,

we cannot resolve this discrepancy. However, the original description ofBagrus aorides Jerdon, from

the Cauvery River at Errode, sheds some light on the question. The description of i5. aorides states

that the maxillary barbel extends to the caudal fin, and the adipose fin originates just posterior to the

end of the dorsal-fin base. Both of these characteristics agree more closely with those of Sperata aor

than to S. .seenghala. In addition, the eye was said to be "so situated that its posterior edge is more

than half the length of the head from the muzzle" (Jerdon 1849:336), which means that the eye is not

located entirely in the anterior half of the head as it is in S. seenghala. Thus, the description more
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closely resembles that of 5. aor. On that basis, we agree with Day (1877) who first placed Bagrus

aorides in the synonymy of S. aor and, thereby, provisionally include the Cauvery River in the

distribution of 5. aor.

Material Examined.— 26 specimens, 57-278 mm. BANGLADESH: AMNH 56289 SD, 2,

(dry skeleton, not measured). CAS 209022 (3, 60-63 mm), Shala Bazar, 36 km from Sylhet Town,

near Kuchiara River. UMMZ 208359 (2, 134—153 mm), Comilla, Meghna River, upstream from

Chandpur, just downstream from Gumti, River mouth at Kanudi, 23°19'N, 90°39'E. UMMZ 208445

( 1
, 1 79 mm), Barisal, Meghna River at Gazipur Char, 22°47'N, 90°43'E. INDIA: AMS B 7945 ( 1

,

265 mm), Calcutta. ANSP 83981 (2, 57-109 mm), Pulta water works, on the Hughly River, about 1

7

miles from Calcutta, Barrackpore District. ANSP 85764 (1, 124 mm), Bombay. CAS 61857 (3,

145-160 mm). Fish Market at Sonepur. CAS 62096 (8, 12^208 mm), Kamataka State, Bellary

District, Tungabahdra River and Reservoir at Hospet, Hampi, and Kampli, Krishna River basin.

CAS(SU) 14124 ( 1 , 278 mm), Pulta, Ganges Delta. CAS(SU) 34853 (1,215 mm), Pulta. MCZ 62947

(1, 63.5 mm), Khadak Vasle Dam. NRM 13414 (1, 161 mm), Delhi, fish market.

Sperata aorella (Blyth, 1858)

Figs. 2c, 4c. 5

Bagrus aorelliis Blyth, 1858:283 (Type locality: India: Calcutta fish market; no types known to exist).

Diagnosis.— Sperata aorella is distinguished from its congeners by having a long, slender,

supraoccipital spine that is markedly longer than the intemeural shield. The supraoccipital spine is

uniquely shaped in being constricted basally (Fig. 2c). This species is also unique in the genus in

having fewer than 28 preanal vertebrae and fewer than 50 total vertebrae. It is the only species of

Sperata that has both a truncate snout and barbels that extend past the adipose fin.

In addition, this species can be further distinguished from each of its congeners by at least one

additional character. It differs from Sperata acicularis in having fewer branched anal-fin rays (9, vs.

1 0-1 2), modally fewer pectoral-fin rays (9, rarely 1 0, vs. 1 0, rarely 9), fewer ribs ( 1 3 or 1 4, vs. 1 5-1 7),

and more gill rakers (20-22, vs. 14—19, typically 14 or 15). Sperata aorella has fewer pectoral-fin

rays than S. aor (9, rarely 1 0, vs. 1 or 1 1 ), fewer preanal vertebrae (25-27, vs. 28-30), modally more

gill rakers (21, vs. 19), a truncate, rather than rounded, snout, and an intemeural shield that is not

wider than the supraoccipital spine. Sperata aorella can be distinguished from S. seenghala in having

fewer precaudal vertebrae ( 1 6, vs. 2 1-23 ), fewer preanal vertebrae (25-27 vs. 29-32), fewer ribs ( 1

3

or 14 vs. 16-20), more gill rakers (20-22, vs. 13-15), the posterior margin of the orbit situated at

about the middle of the head length instead of distinctly anterior of the midline, and an intemeural

shield that is not wider than the supraoccipital spine.

Description.— Body long, slender; deepest at dorsal-fin origin, tapering gradually both ante-

riorly and posteriorly. Ventral surface ofhead and body fiat to anal-fin base. Body slightly compressed

and triangular in cross section across abdomen, compressed and ovoid through caudal region. Caudal

peduncle only slightly deeper than wide. Anus and urogenital openings located at vertical through

middle of adpressed pelvic fin; remote from anal-fin base. Skin smooth. Lateral line complete,

midlateral; canal curves slightly dorsally on caudal-fin base; in humeral region, canal with numerous

accessory canals and pores.

Head elongate, progressively depressed anteriorly. In lateral view, ventral surface of head nearly

horizontal. Gill opening wide, extending from exposed surface ofposttemporal to anterior of isthmus.

Gill membranes free from, and not attached across, isthmus. Branchiostegal rays 12. Bony elements

of dorsal surface of head covered with only thin skin; bones readily visible, omamented with fine,

irregular, radial grooves. Midline of cranium with elongate fossa, extending from posterior of snout

nearly to origin of supraoccipital spine; fossa occupied by slender, elongate anterior and posterior
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Figure 5. Sperata aorella, CAS(SU) 34852, 234 mm, Calcutta. Illustration by Alison Schroeer.

fontanels, separated by wide epiphyseal bar. Lateral fontanel shorter than diameter of orbit. Supraoc-

cipital spine elongate, lateral margins nearly parallel past basal constriction, tip rounded; surface

ornamented like that of other exposed bony elements of head. Cephalic lateral-line canal system with

extensive branching of most canals; integument covering fontanels, cheeks, and olfactory chamber

thoroughly covered with canals and pores.

Barbels in four pairs. Maxillary barbel long, slender, without medial membrane; barbel extends

at least to middle of caudal peduncle, and may reach caudal-fin margin. Nasal barbel slender, short;

extending at least to anterior margin of orbit, but not past middle of eye. Inner mental-barbel base

closer to outer mental barbel than to midline and slightly thicker and longer than nasal barbel; barbel

extending to past vertical through middle of eye. Outer mental barbel thicker and longer than inner

mental barbel, extending past pectoral-fin origin, its base about one eye diameter posterolateral of

inner mental barbel.

Eye ovoid, horizontal axis longer; located entirely in dorsal half of head. Upper margin of orbit

nearly reaching dorsal profile of head. Eye diameter about one-third of snout length and one-half

interorbital width. Orbit with free margin.

Snout long and depressed; lateral margins nearly parallel; anterior margin truncate, slightly

rounded in some individuals. Mouth subterminal, premaxillary teeth all exposed even when mouth

is closed. Oral teeth small, sharply pointed, irregularly arranged on tooth-bearing surfaces. Premax-

illary tooth band shallowly arched, width of band approximately equal throughout its length. Dentary

tooth band as broad as premaxillary band at symphysis, but tapering laterally. Palatal tooth patch

continuous across midline, but notched medially; anterior margin smoothly arched, tapering laterally

to point that extends posteriorly well beyond level of premaxillary band; band width near midline

broader than premaxillary band. Gill rakers of first arch long, slender and closely spaced; reduced to

rudiments anteriorly on lower arm. Gill rakers 1 5 to 1 7 on lower arm plus 5 or 6 on upper arm. Rakers

present only on outer face of first two arches; on both faces of next two arches.

Dorsal fin centered above middle of standard length. Dorsal-fin base shorter than length of first

dorsal-fin branched ray. Dorsal-fin margin straight, first branched ray longest, more than twice length

of last ray. Last dorsal-fin ray without posterior membranous connection to body. Dorsal fin with

spinelet, spine, and 7 branched rays. Dorsal-fin spine long, straight, slender; spine margin smooth
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anteriorly and laterally; with fine serrations on distal halfof posterior edge. Spine slightly shorter than

first branched ray. Tip of adpressed spine just reaches adipose-fm origin. Distance between bases of

dorsal adipose fins less than dorsal-fin base length. Intemeural shield small, narrow; much shorter

than supraoccipital spine (Fig. 2c). Superficial ossification ofdorsal-fin pterygiophores broadly united

across midline, and forming a crescent shaped bone (Fig. 4c).

Adipose-fin base length about equal to that of dorsal fin; adipose-fin height about one-third its

length. Adipose-fin margin slightly convex for most of its length, posterior end deeply incised.

Caudal fin deeply forked; lobes pointed and asymmetrical, upper lobe continued as filament when

intact. Middle rays approximately one-third as long as unbranched principal ray of lower lobe.

Principal caudal fin with rays: i,7,8,i. Procurrent rays symmetrical and extend only slightly anterior

to fin base.

Anal fin located ventral to posterior halfofadipose fin. Fin margin slightly convex; first branched

ray longest, about twice length of last ray. Last ray without posterior membranous connection to body.

Anal fin with 3 or 4 unbranched, and 9 branched rays.

Pelvic-fin origin at vertical through posterior end of dorsal-fin base. Pelvic-fin margin straight,

first branched ray longest; posterior-most ray about two-thirds length of first ray. Pelvic fin with one

unbranched and five branched rays. Tip of adpressed fin not reaching to anal-fin origin.

Pectoral fin with stout spine, sharply pointed at tip. Anterior spine margin smooth, posterior

margin with fine serrations along entire length. Pectoral-fin margin straight anteriorly, convex

posteriorly. First branched ray longer than spine and approximately 2/4 times as long as last ray. Fin

with 9 (rarely 10) branched rays.

Color in Preservative.— Body silvery grey to brown dorsally and on upper half of lateral

surface, white ventrally. Demarcation between grey and white regions distinct, occurring ventral to

lateral line along most of body length, but along lateral line on caudal peduncle. Dorsal surface of

head brown; brown regions restricted to exposed cranial bones and around orbit. Posterior margin of

orbital flap white. Ventral surface of head and abdomen pale, without dark pigmentation.

Dorsal fin mostly pale; leading edge of spine and distal portion of rays dusky. Dusky region of

anterior rays broader than on more posterior rays, but less that distal one-quarter of rays darkened.

Adipose fin mostly dusky; fin margin with fine, distinct, dark terminal band. Posterior portion of fin

with ovoid black spot, smaller in diameter than orbit. Caudal peduncle with darkened area just ventral

to adipose-fin spot. Caudal fin generally dusky; white on ventral unbranched principal ray and ventral

procurrent rays. Anal tin pale basally, becoming increasingly dark distally; leading edge of fin pale.

Pelvic fin pale, with broad, diffuse dusky subterminal band. Pectoral fin pale basally, becoming

increasingly dark distally; little or no pigment on innermost rays. Dorsal surface of spine dark, pale

ventrally.

Remarks.— Sperata aorella has been overlooked as a valid species since shortly after it was

first described. The name was placed in the synonymy of Macrones oor by Giinther ( 1 864), without

comment. Shortly thereafter. Day (1877) placed the name in the synonymy of Macrones seenghala,

also without explanation or comment on Giinther's action. More recently, the name Bagrus aorellus

has either been placed in synonymy ofSperata seenghala (e.g., Misra 1 976), or ignored (e.g., Jayaram

1954; Jayaram 1973).

The general appearance of this species is somewhat intermediate between the two commonly

recognized Indian species, Sperata aorand S. seenghala. The maxillary barbel extends nearly to the

caudal fin, as in S. aor. However, the snout margin is clearly truncate, which is characteristic of 5".

seenghala. We therefore assume that researchers who encountered this species had difficulty in

choosing which name to assign it.

Use of the name Sperata aorella for this species is of necessity somewhat tentative, inasmuch as

we have not been able to locate the types of this species. Most of the types of species described in

Blyth (1858) are not accounted for (e.g., Eschmeyer 1998) and the primary repository for Blyth
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Specimens, the Zoological Survey of India, Calcutta, is not known to have specimens that may be

types of Blyth's Bagrus aorellus (Menon and Yazdani 1968). Nevertheless, Blyth's description,

although brief, fits the species that we are hereby associating with his name. Sperata aorella was said

to be somewhat thicker than S. aor and, most notably, to have a "more developed" occipital process

and "small bony plate, not exceeding the occipital process in breadth." We interpret the former

statement to refer to the length of the supraoccipital spine, which is noticeably longer in S. aorella

than in either of its Gangetic congeners. The small bony plate, which we are calling the intemeural

shield, is quite massive in the other Gangetic species, but is shorter, and no wider, than the

supraoccipital spine in S. aorella. Blyth also noted differences in the form of the exposed portion of

the first dorsal-fin pterygiophore, which is broadly united across the midline in S. aorella (Fig. 4c),

but divided medially on the surface by thick skin in S. aor (Fig. 4b).

Because of the scarcity of recent literature referring to S. aorella, it is impossible to determine

how much of the literature on Sperata seenghala or S. aor refers instead to this species, which is

reasonably abundant in the Ganges River delta.

Distribution.— Known from the Ganges River delta of Bangladesh and India, extending

inland at least as far as Bisrampur.

Material Examined.— 10 specimens, 152-277 mm. BANGLADESH: UMMZ 187866 (2,

244-^245 mm), Comilla, Pond at Hajiganj (ca. 18 mi N Chandpur). UMMZ 208590-S (1, skeleton,

not measured), Chandpur. INDIA: MCZ 39637 ( 1 , 1 79 mm), Ganges, Calcutta. MCZ 8 1 90 ( 1 , 1 64

mm), Calcutta. CAS(SU) 14510 (I, 277 mm), Bisrampur, Central Province [= Bihar]. CAS(SU)

34852 (4, 153-234 mm), Calcutta.

Sperata seenghala (Sykes, 1839)

Figs. 2d, 4d, 6, 7, 8

Platy'stoma seenghala Sykes, ! 839a: 164 (Type locality: India: Deccan; no types known to exist); I839b:61;

1841:371,pf 65, fig. 2.

Bagrus lamarrii Valenciennes, in Cuvier and Valenciennes, 1 840a:407, pi. 4 1 5 [labelled lanu/rii] (Type locality:

India: Ganges River; holotype: MNHN A.9343).

Bagrus aoriuus Valenciennes, 1840 (in Jacquemont, 1 835-1 844):pl. 17, figs. 1, la (Type locality: India; no

types known to exist).

Macrones lamarrii Giinther, 1864:79 (India, ?Afghanistan).

Macrones lamarri Day 1873:cclxi (Ganges and Jumna rivers).

Macrones seenghala Day, 1877:444 (India); 1889:149 (in part) (India).

Mystus seenghala Ataur Rahman, 1989:198, fig. 120 (Bangladesh); Shrestha. 1994:54, fig. 84 (Nepal: Terai

region).

Mystus (Osteohagrus) seenghala Jayaram, 1954:555 (in part) (India, Pakistan, ?Yunnan). Srivastava, 1968:79,

fig. 50 (India: Uttar Pradesh).

Aorichthys seenghala Jayaram, 1973:155, figs, lb, 3b (India, Pakistan, '.'Yunnan). Mirza, 1980:24 (Pakistan:

Punjab, Sind, Baluchistan; Azad Kashmir). Jayaram, 1981:205, fig. 98, 99b (India, Pakistan, Bangladesh).

Talwar and Jhingran 1991:548, unnumbered plate (India, Bangladesh, ?Afghanistan, Nepal, Pakistan).

Mystus (Aorichthys) seenghala Misra, 1976:79, fig. 16 (India).

Aorichthys aor (noi Hamilton) Mirza, 1980:24 (in part) (Pakistan: Punjab, Sind).

^or;c/2//2>'.9Cfor,varMfl/7Mirza, Nawaz, and Javed, 1992:21 1 (Type locality: Pakistan: Ravi River at Head Balloki,

Kasur District; holotype: GCM F-19 [not seen]).

Diagnosis.— Sperata seenghala differs from its congeners in that the eye is situated completely

in the anterior half of the head (Fig. 2d). It has more precaudal vertebrae (21—23) than any of its

congeners, and it is the only Sperata species in which the length of the supraoccipital spine is less

than that of the intemeural shield. In addition, the adipose fm is relatively shorter than that of its

congeners, with its base approximately equal to, or only slightly longer than, the dorsal-fm base.



FERRARIS AND RUNGE: SOUTH ASIAN BAGRID CATFISH GENUS SPERATA 417

Additional characters help distinguish this species from each of its congeners. Sperata seenghala

differs from S. aciculahs in having fewer caudal vertebrae (28-32, vs. 33-37), fewer pectoral-fm rays

(8 or 9, vs. 10, rarely 9) and modally fewer branched anal-fin rays (9, vs. 10). Sperata seenghala has

fewer pectoral-fin rays than does S. aor (8 or 9, vs. 10 or 1
1 ), and modally fewer gill rakers (14, vs.

19). Sperata seenghala differs from S. aorella in having more preanal vertebrae (29—32, vs. 25—27),

more total vertebrae (50-53, vs. 47^9), and fewer gill rakers (13^15, vs. 20-22).

Description.— Body long, slender; body depth at dorsal-fin origin only slightly greater than

that anterior to adipose-fin origin, gradually tapering posteriorly. Ventral surface of head and body

flat to anal-fin base. Body slightly compressed and triangular in cross section across abdomen,

compressed and ovoid through caudal region. Caudal peduncle moderately narrow, depth approxi-

mately twice diameter of eye. Anus and urogenital openings located at vertical through middle of

adpressed pelvic fin; distance from these openings to anal-fin base greater than anal-fin base length.

Skin smooth. Lateral line midlateral and complete, curving slightly dorsally on caudal-fin base. In

humeral region, lateral line with numerous accessory canals and pores.

Head elongate, progressively depressed anteriorly. Head length one-third of standard length.

Profile of head acutely triangular in lateral view, with ventral surface of head nearly horizontal. Gill

opening wide, extending from exposed surface of posttemporal to beyond isthmus. Gill membranes
free from, and not attached across, isthmus. Branchiostegal rays 12 or 13. Bony elements of dorsal

surface ofhead covered with only thin skin; bones readily visible and ornamented with fine, irregular,

radial grooves. Midline of cranium with elongate fossa, extending from posterior of snout nearly to

base of supraoccipital spine; fossa occupied by anterior and posterior fontanels, separated by wide

epiphyseal bar. Lateral fontanel length less than orbital diameter. Supraoccipital spine relatively short,

parallel sided with blunt posterior tip. Spine of smaller specimens acutely pointed, with wide base.

Cephalic lateral-line canal system with extensive branching of most canals; integument covering

fossa, cheeks, and olfactory chamber thoroughly covered with canals and pores.

Barbels in four pairs. Maxillary barbel long, slender, without medial membrane; barbel extends

at least to dorsal-fin origin and may reach past dorsal-fin base in adults; in small individuals (e.g.,

CAS(SU) 41083, 108-130 mm), barbels reach to adipose-fin base. Nasal barbel slender, short; not

reaching anterior margin of orbit. Inner mental barbels originate close to midline, separated by

diameter of pupil; barbels thicker and much longer than nasal barbel; extending to, and usually past,

posterior margin of orbit. Outer mental barbel originates about one eye diameter posterolateral of

inner mental barbel; barbel thicker and slightly longer than inner mental barbel, not reaching

pectoral-fin origin.

Eye ovoid, horizontal axis longest; located entirely in dorsal half of head and anterior to middle

of head length. Upper margin of orbit nearly reaching dorsal profile of head. Eye diameter one-half

snout length and slightly less than interorbital width in small individuals. In larger specimens, eye

diameter about one-third of snout length and only about one-half interorbital width. Orbital margin

free.

Snout long and depressed, lateral margins parallel. Anterior snout margin distinctly truncate.

Mouth subterminal, anterior margin of premaxillary tooth patch exposed when mouth closed. Oral

teeth small, sharply pointed, in irregular rows on all tooth-bearing surfaces. Premaxillary tooth band

nearly straight along anterior margin. Tooth band of dentary as broad as premaxillary band at midline,

gently curved and tapering laterally. Palatal tooth patch continuous across midline; anterior margin

nearly straight, with straight, obliquely directed lateral margin. Tooth patch broader than premaxillary

band at midline, widening laterally and then tapering to sharp point posterolateral ly. Gill rakers of

first arch long, slender, and closely spaced. Gill rakers 1 1 (rarely 12) on lower arm plus 3 (rarely 2

or 4) on upper arm. Rakers present only on outer face of first two arches, on both faces of next two

arches.
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Figure 6. Sperata seenghaki, illustration from Sykes { 1 841 , pi. 65, tig. 2), presumed holotype.

A^

Figure 7. Sperata seengluila, illustration from Cuvicr and Valenciennes (1840, pi. 415), holotype ofBagrus luniarrii

Valenciennes. 1840.

Dorsal fin centered above middle of standard length. Dorsal-fin base shorter than length of first

branched ray. Dorsal-fin margin straight; first branched ray longest, more than twice length of last

ray. Last dorsal-fin ray without posterior membranous connection to body. Dorsal fin with spinelet,

spine, and 7 branched rays. Dorsal-fin spine long, straight, slender; spine margin smooth anteriorly

and laterally, with fine serrations on distal half of posterior edge. Spine slightly shorter than first

branched ray; adpressed spine tip falls far short of adipose-fin origin. Distance between dorsal- and

adipose-fin bases approximately equals dorsal-fin base length. Interneural shield ovoid, longer than

wide; posterior end wider and more bluntly rounded than anterior end (Fig. 2d). Superficial ossifica-

tion ofdorsal-fin pterygiophores broadly united across midline; anterior margin broadly rounded (Fig.

4d) or incised anteriorly.

Adipose-fin base equal to, or slightly longer than, that of dorsal fin; fin height about one-third of

its length. Adipose-fin margin straight anteriorly, then slightly convex following abrupt angular

transition; posterior end deeply incised.

Caudal fin deeply forked, lobes pointed and symmetrical, except for filamentous extension of

upper lobe. Middle rays approximately one-third as long as unbranched principal ray of lower lobe.
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Figure 8. Sperala seenghala. illustration from Jacquemont (1835-1844, pi. 17, tig.

Valenciennes, 1840.

) holotype of Bc/i^riis aonnus

Principal caudal fin with rays: i,7,8,i. Procurrent rays symmetrical and extend only slightly anterior

to fm base.

Anal-fin origin ventral to posterior half of adipose fin. Anal-fin margin straight; first branched

ray longest, about twice length of last ray. Last anal-fin ray without posterior membranous connection

to body. Anal-fin with 3 or 4 unbranched, and 8 to 10 branched rays.

Pelvic fin-origin at vertical through posterior end of dorsal-fin base. Pelvic-fin margin slightly

convex, second branched ray longest; posterior-most ray about two-thirds length of first ray. Pelvic

fin with one unbranched and five branched rays. Tip of adpressed pelvic fin not reaching to anal-fin

origin.

Pectoral fin with stout spine, sharply pointed at tip. Anterior spine margin smooth, posterior

margin with moderately strong serrations along entire length. Pectoral fin margin straight anteriorly,

convex posteriorly. First branched pectoral-fin ray longer than spine and approximately IVi times as

long as last ray. Pectoral fin with 9, rarely 8, branched rays.

Color in Preservative.— Body silvery grey to brown on upper half of lateral surface, white

or pale ventrally. Grey or brown pigmentation resulting from fine black pigment that extends to lateral

line on caudal peduncle and somewhat more ventrally for most ofbody. Dorsal surface ofhead brown;

head pigmentation most prominent on exposed cranial bones, but also extending to level of ventral

margin of orbit and on entire opercle. Ventral surface of head and abdomen pale. Humeral region with

diffuse, eye-sized, dark spot at upper extent of gill opening.

Dorsal fin dusky for distal half, pale basally. Adipose fin dusky; leading edge and margin with

distinct terminal band. In large individuals, adipose fin coloration similar to that of dorsal part of

body; smaller individuals distinctly paler. Posterior portion of fin with ovoid black spot; spot

somewhat smaller than eye diameter. Spot surrounded by pale halo, especially along dorsal and

posterior margin. Caudal peduncle with blackened area just ventral to adipose-fin spot, appearing as

extension of spot. Caudal fin with scattered pigmentation, denser on outer branched rays of ventral

lobe and base of dorsal lobe; ventral unbranched principal ray and ventral procurrent rays white. Anal

fin pale, with little or no pigmentation. Pelvic fin with fine, scattered pigment, somewhat denser

basally. Pectoral fin with scattered pigment dorsally; pale ventrally.

Remarks.— Platystoma seenghala Sykes ( 1 839a) was described from the Mota Mola River in

the upper reaches of the Krishna River basin. Apparently, Sykes had a single specimen in hand, as he

reported a specimen size (8'/2 inches) while remarking that the species grows to a much larger size.

This presumed holotype is apparently lost, as it has not been reported on in subsequent publications,

and the whereabouts of it, along with virtually all other Sykes types, is unknown (see Eschmeyer

1998). The published illustration of the presumed holotype in a more thorough account of the species
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(Sykes 1841, pi. 65, fig. 2; reproduced here as Fig. 6) shows a fish that quite closely resembles the

species which is generally associated with the name. The snout is distinctly truncated and the eye is

located in the anterior half of the head. As noted previously by Jayaram ( 1 954), Sykes mentioned and

illustrated a puzzling condition of the pelvic fin. He reported that the "fish is remarkable for having

the first ray of the ventral fins, as well as that of the pectoral, serrated posteriorly" (Sykes 1841 :372).

This condition was not found in the pelvic fin of any specimens examined by Jayaram or us. In

addition, no catfish known to us has a spine or serrated ray in its pelvic fin, which makes it unlikely

that Sykes was referring to another species.

The specimens we examined from the Krishna River basin are about the same length as, or shorter

than, the one reported on by Sykes, and therefore exhibit characteristics of the presumed juvenile

form. The supraoccipital spine is slender and the intemeural shield is not as broad as in larger

specimens. The maxillary barbel extends past the base of the adipose fin and, therefore, well beyond

the dorsal fin, as is characteristic of larger specimens. We have not been able to examine larger

specimens from the Krishna, and therefore must infer that the comparatively larger intemeural shield

and shorter barbel that characterizes larger specimens from other drainages also occurs in specimens

from the Krishna.

We place several nominal species in the synonymy of Sperota seenghala, despite the paucity of

relevant type material. Bagriis lamarhi Valenciennes is clearly this species and has been widely

regarded as such (e.g.. Day 1 877; Jayaram 1954). The holotype, a dried mounted specimen, exhibits

all of the externally visible diagnostic characters that we report for Sperata seenghala. These

characters are also clearly seen in the published illustration of the specimen (reproduced here as

Fig. 7).

The name Bagriis aohmis Valenciennes (in Jacquemont 1 840) is based solely on an illustration

(reproduced as Fig. 8 ), for which there is no associated text, and no type specimens have been reported

(e.g., Bertin and Esteve 1 950; Daget 1 984). For this study we examined and failed to uncover a Sperata

specimen in the Museum national d'Histoire naturelle in Paris that matched the figured specimen.

However, the figure is clearly that of a specimen of Sperata seenghala, as shown by the anteriorly

placed orbit, the large intemeural shield, the short maxillary barbel, and the short adipose-fin base.

Contrary to current practice, we date the name Bagrus aorinus to 1 840 following the study by Daget

(1984). Therein, Daget noted that Valenciennes cited the Jacquemont plates in volume 15 of Histoire

Naturelle des Poissons (Cuvier and Valenciennes 1840b), but not in volume 14 (Cuvier and

Valenciennes 1840a), even though illustrations of several fishes described in volume 14 were among
those included in the Jacquemont plates. Bailey (1951) determined the date of publication of volume

15 (Cuvier and Valenciennes 1840b) to be November, 1840, and that of volume 14 to be January

1840. This suggests that the Jacquemont plates were published some time before November, 1840,

but after volume 14 was submitted for publication (presumed to be sometime in 1 839). However, for

purposes of priority, unless evidence of an earlier publication date for the Jacquemont plates comes

to light, it must be assumed that they were published sometime in 1 840 but before November of that

year. Thus, the 1841 publication date for the plates, which was first reported in Bertin and Esteve

(1950) and used in Eschmeyer (1998) is incorrect, but the name Bagrus aorinus Valenciennes (in

Jacquemont, 1840) must be considered to have been published after Piinelodus seenghala Sykes,

1839, and Bagrus lamarrii Valenciennes, 1840.

Mirza ( 1 990). and Mizra, Nawaz, and Javed ( 1 992) demonstrated that only one species ofSperata

occurs in the Indus River drainage. Although we examined far fewer specimens than in those studies,

we independently reached this same conclusion. Based on the shape of the snout and the number of

caudal-fin rays, Mirza Nawaz, and Javed (1992) concluded that the Indus River specimens were

similar to Sperata aor, but differed sufficiently in the length of the maxillary barbel that they were

assigned to a new subspecies, Aoriehthys aor sanvari. In our study, we found snout shape variation

sometimes difficult to interpret, as the snout of many specimens were deformed by preservation, and
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that caudal-fin ray counts did not vary among the species. Thus, the decision to compare the Indus

River specimens only to Sperata aor was not appropriate. Instead, the Indus River specimens we

examined did not differ from specimens of Sperata seenghala from throughout the Indian region.

However, as mentioned above, our study was done on a relatively small sample size. If a more

thorough comparison of the various populations oi Sperata seenghala indicated that the Indus River

specimens represented a distinct species, the name Sperata sarwari would be its valid name.

Distribution.— Sperata seenghala is widely distributed in the Ganges and Indus river systems,

and also occurrs in several major rivers in peninsular India at least as far south as the Krishna River

(Jayaram 1981; Talwar and Jhingran 1991). Jayaram, Venkateswarlu and Ragunathan (1982) indi-

cated that one specimen of this species was taken from the Cauvery River, and they implied that the

species may have been introduced recently into rivers south of the Krishna River. Perhaps based on

the report of Jayaram et al. (1982), Talwar and Jhingran (1991) listed the Cauvery River in the

distribution of this species, without further comment.

Several accounts of the presence of Sperata seenghala in Yunnan, China, appear to be based on

a single report by Chaudhuri (1911). Therein, the species was said to have been collected from Lake

Tali Fu [= Er Hai], a high elevation lake that drains into the Mekong River system ofwestern Yunnan.

The species was neither described nor illustrated, leaving some doubt about its identity. Furthermore,

no additional reports of 5. seenghala. or any of its congeners, have been made for any locality within

Yunnan and the species was not included in the comprehensive inventory of Yunnan fishes (Chu and

Chen 1989). Therefore we conclude that the report in Chaudhuri ( 191 1 ) is probably incorrect. Either

the specimen collected was not a Sperata, or the locality information associated with the specimen

was incorrect. A large portion of the collection reported on by Chaudhuri (1911) was from Bhamo,

Myanmar; it is possible that the specimen was taken there, rather than in Er Hai. If so, Chaudhuri

(1911) may have actually collected a specimen of Sperata acicularis.

One specimen from the Swedish Museum of Natural History (NRM 1 8809) is clearly a Sperata

seenghala, but it is reported to come from "probably Mandalay or Yangon areas." If the locality

information is correct, it represents a range extension for S. seenghala, as well as the possibility of a

second species of Sperata in the Ayeyarwaddy River system.

Material Examined.— 1 8 specimens, 108-720 mm. BANGLADESH: AMNH 56290 SD (2,

dry skeletons, not measured). UMMZ 208295 (1,301 mm), Comilla, Meghna River downstream from

Gumti River mouth, 23°19'N, 90°38'E. INDIA: CAS 62079 (1, 173 mm), Karnataka State, Tun-

gabahdra (Bellary?) District, Tungabahdra River and Reservoir at Hospet and Kampi (Krishna River

basin). MCZ 8185 (1, 259 mm), Sutlej River near Loodina [= ?Ludhiana]. CAS(SU) 41083 (2,

108-130 mm), Poona District. CAS(SU) 41084 (1, 190 mm), Lower Anicut River, Madras Pres.

INDIA/PAKISTAN: MCZ 22203, (1, 257 mm), Bengal, "North India" (possibly including Paki-

stan), sub-Himalayan region. MCZ 22208 (1, 396 mm), Bengal, "North India" (possibly including

Pakistan), sub-Himalayan region. MNHN A.9343 (1 (holotype of Bagrus lamarrii), 720 mm),

Ganges. PAKISTAN: CAS 24247 (1, 284 mm), Indus River, 5 mi N of Sukkur. MCZ 22185 (5,

228-442 mm), Punjab, Chenab River. MYANMAR: NRM 1 8809 ( 1 , 22 1 mm), "probably Mandalay

or Yangon areas."
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This paper discusses the systematics and phylogeny of the genus Halgerda from the

tropica! Indo-Pacific. Morphological and anatomical data from Halgerda species were used

to construct a preliminary phylogeny. The phylogenetic analysis demonstrates the mono-

phyly oi Halgerda and its relationship to its outgroup Asteronotus Ehrenberg, 1831.

Two new species of Halgerda from Thailand are named and described anatomically.

These two species, Halgerda stricklandi sp. nov. and H. bacalusia sp. nov., are highly derived

in several aspects of their morphology. They appear to be sister species and are most closely

related to Halgerda aurantiomaculata Allan, 1932. A third new species, Halgerda diaphana

sp. nov., is the sister taxon to the three taxa named above.

Due to external morphological similarities, comparison of the three new species is made

with the original descriptions of Halgerda carlsoni, Rudman 1978, H. malesso and H.

guahan Carlson and Hoff, 1993, and H. aurantiomaculata. The coloration, reproductive

system and the radular morphology of the new species differ significantly from H. carlsoni

and the other previously described Halgerda species. Although the two new species from

Thailand share some characteristics, they differ significantly in external and radular

morphology. The new species from Okinawa, Halgerda diaphana shares some external

characteristics with H. aurantiomaculata and H. guahan, but the reproductive morpholo-

gies differ significantly.

Fahey and Gosliner (1999) provided justification for placement of Halgerda, Asteronotus,

Aphelodoris, and Sclerodoris in the Halgerdidae. Valdes and Gosliner (submitted) have shown that

Sclerodoris is more closely related to other caryophyllidia-bearing dorids than to Halgerda and

Asteronotus.

All twenty-two described species placed in Halgerda are found in the tropical Indo-Pacific, from

South Africa as the western-most locality to the Hawaiian Islands in the east. Some of the species are

known only from the original description and there is one undescribed Halgerda species that has been

included in this analysis. That specimen is currently being studied.

This paper describes three new species of the genus, two from Thailand and one from Okinawa,

based on material collected from these locations and deposited in the Department of Invertebrate

Zoology of the California Academy of Sciences (CASIZ).

A preliminary analysis of the phylogeny of the genus Halgerda is presented for the first time,

using one outgroup, Asteronotus to establish the polarity of the characters.
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Species Description

Family Halgerdidae Odhner, 1926

Genus Halgerda Bergh, 1 880

Type species: Halgerda formosa Bergh, 1880, by monotypy.

Halgerda stricklandi sp. nov.

Figs. lA, 2A, 3

M.ATERIAL Examined.— Holotype: CASIZ 1 1 5298, one specimen, dissected, Ko Ha, Thailand, Andaman
Sea. 13 meters depth, November 1997. Collected and photographed by M. Strickland.

Distribution.— This animal is known only from Thailand, Andaman Sea (this study).

Etymology.— This animal is named for Mark Strickland who has kindly provided many slides

and specimens of nudibranchs to the authors. His thoughtfulness and generosity are greatly appreci-

ated.

Natural History.— The animal was found in the open on a rock wall.

External Morphology.— The preserved animal studied (CASIZ 1 1 5298) measured 35 mm.
The body is firm and smooth, but rigid. The body profile is high and the dorsum has a series of

orange-tipped, conical tubercles arranged in a reticulate pattern. There are larger, orange-tipped,

conical tubercles at the junctions of the reticulate pattern. Just below the orange tips on the largest

tubercles is a faint white ring. The ground color of the dorsum and foot is whitish with a gray tinge.

There are small orange tubercles scattered thickly over the entire dorsum, extending down to the

mantle margin. There are four midline points connecting this network. The oral tentacles are short

and digitiform. The wide foot has an orange margin.

The long rhinophores are tapered towards the tips and angled posteriorly. The white translucent

rhinophores have 17-19 transverse lamellae that are outlined in black on the anterior side. The

rhinophores have yellow background coloration on the upper half A vertical black line is present

along the posterior face of the entire length of each rhinophore.

The gill has four branchial leaves that are pinnate. These leaves have black spots on the anterior

side of the branches. Within the gill branches are numerous flattened, translucent structures that are

glandular. The anal papilla is long and tubular with black coloration on both the posterior and anterior

sides.

Buccal Armature.— The buccal mass is not pigmented. The labial cuticle is smooth and

devoid of any jaw rodlets. The radular sac is elongate and extends well behind the posterior end of

the buccal mass. The radula (Fig. 3) of the holotype has a formula of 58 x 53.0.53 (CASIZ 1 15298).

The middle lateral teeth are hamate (Fig. 3C). The five or so inner lateral teeth are smaller and have

shorter hooks than the middle lateral teeth (Fig. 3B). The three outer lateral teeth are much smaller

than the inner and middle lateral teeth and have blunt denticles (Fig. 3A).

Reproductive System.— The reproductive system is triaulic (Fig. 2A). The wide ampulla is

elongate with a single curve. The ampulla narrows into the postampullary duct, which bifurcates into

the vas deferens and oviduct. The short oviduct enters the female gland mass. The short vas deferens

separates from the ampulla and widens into the large, greatly expanded portion of the glandular

^
FiciURE 1. Living animals. A. Hali^enla stricklandi sp. nov. (CASIZ 1 15298). Specimen. 35 mm. from Ko Ha. Thailand,

Andaman Sea; 13 m depth, November 1997. Photo by M. Strickland. B. Hali^fn/a hacaliisia sp. nov. (CASIZ 1 15299).

Specimen. 40 mm, from Richelieu Rock, Thailand, Andaman Sea: 28 m depth. November 1997. Photo by M. Strickland. C.

Halgerda diaphana sp. nov. (CASIZ 0701 18), Specimen. 30 mm, from Okinawa, Rvukvii Islands, 2 km ENE southern tip;

23 m depth. March 1987. Photo by R. Bolland.
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Figure 2. Reproductive systems. A. Halgenia stricklandi sp. nov. (CASIZ 1 1 5298; B. Halgerda bacalnsia sp. nov. (CASIZ

1 15299); C. Halgerda diaphana sp. nov. (CASIZ 0701 18). Abbreviations: am = ampulla, be - bursa copulatrix, dp = dark

pigment, ej = ejacuiatory duct, fgm = female gland mass, ga = genital atrium, p = penis, pr = prostate, rs = receptaculum

seminis, v - vagina, vg = vaginal gland. Scale bar = 1 mm.

prostate. The prostate consists of two distinct glandular types that are well differentiated, as is the

prostate of most other members of Halgerda. The muscular portion of the vas deferens exits the

prostate in a long, single convoluted duct, then widens sharply into the wide penial bulb. The female

gland mass is about the same size as the prostate gland. The short uterine duct emerges from the

female gland mass and joins the spherical receptaculum seminis near its base. The duct connecting

the receptaculum and the bursa is long and convoluted. The receptaculum seminis is smaller than the

spherical bursa copulatrix. The large, thin-walled bursa is covered by the prostate. The vaginal duct

that emerges from the base of the bursa copulatrix is long and thin. Near its exit adjacent to the base

ofthe male aperture, is an enlarged, and obviously glandular portion ofthe vagina. The genital aperture

is wide and large and the interior has dark pigmentation.

Discussion.— Halgerda stricklandi has very similar external morphology to H. malesso

Carlson and Hoff, 1993 and H. carlsoni Rudman, 1978. Halgerda malesso has the same smooth but

firm, high body profile with angled tubercles tipped with orange, with orange spots scatted over the

dorsum. In H. malesso, there is a network of orange lines between the ridges. At the juncture of the

ridges are large, rounded tubercles with orange tips. Smaller orange-tipped tubercles are found along

the ridge crests. The foot margin is orange.
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Fkilire 3. Halgerchi stiicklamii sp. nov. (CASIZ 1 15298). Scanning electron micrographs of raduia. A. Outer lateral teeth,

scale bar = 25 |.ini; B. inner lateral teeth, scale bar = 43 ^m: C. Middle lateral teeth, scale bar = 75 |.un.

Halgerda carlsoni also has a high body profile with rounded tubercles tipped with orange or red

as in the type specimen, H. strickkmdi. There is an opaque white ring below each orange or red tip.

Between the largest tubercles on the ridges are smaller orange or red-tipped tubercles. Scattered over

the dorsum are numerous small orange or red spots. The foot margin has a band of orange or red.

Halgerda stricklandi has the same orange-tipped tubercles as H. malesso and H. carlsoni, but they

are more numerous. All three species have the same grayish white background color. Halgerda

stricklandi differs from H. malesso and H. carlsoni in several other distinct ways:
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1

)

The rhinophores of all three species are long and tapering, with the clavus angled posteriorly.

The rhinophores of//, stricklandi have a yellowish club and black-edged lamellae with a black line

on the posterior face. There is also a black line extending the length on the posterior side. Halgerda

malesso and //. carlsoni have brown spots with brown lamellae and lack a line on the posterior side.

2) The four gill branchia of//, stricklandi are outlined with black on the posterior side, and there

are black spots on the anterior side only. Halgerda malesso and //. carlsoni have brown spots around

the branchia and they are not outlined in black.

3) All three species have a glandular portion of the vagina, but the vaginal duct of//, malesso is

extremely wide compared to H. stricklandi and //. carlsoni. The vaginal ducts of//, stricklandi and

H. carlsoni are similar and both are narrower than that of//, malesso.

4) The penis and the vagina are not joined basally into a common atrium in //. malesso, whereas

in H. stricklandi and //. carlsoni they share a common opening. The penis in //. malesso is more

bulbous than that of//, stricklandi and //. carlsoni, both of which have a more tubular penis that is

larger than the vagina.

5) Both //. malesso and //. stricklandi have dark pigmentation on the genital atrium, however,

the location of the pigmentation differs. In //. malesso, the pigmentation is at the top of the atrium,

equidistant from both the vagina and penial openings. In //. stricklandi, the pigmentation lies in the

penis, at the junction with the vagina. Halgerda carlsoni has no pigmentation.

6) The three outer lateral teeth of both species are smaller than the middle and inner lateral teeth.

But all three outer teeth of //. stricklandi are denticulate whereas in //. malesso, only two are

denticulate and the third is simple. Rudman (1978) reported the three outer teeth of//, carlsoni from

Fiji as degenerate and not denticulate. However, specimens examined from Papua New Guinea had

three denticulate outer teeth. In addition, H. stricklandi has very long, hamate, middle lateral teeth

with much thinner hooks than those of//, malesso and //. carlsoni. Both //. carlsoni and //. malesso

have very similarly-shaped inner and middle lateral teeth.

Halgerda bacalusia sp. nov.

Figs. IB, 2B,4

Material Examined.— Holotype: CASIZ 1 1 5299, one specimen, dissected, Richelieu Rock. Thailand,

Andaman Sea. 28 meters depth, November 1997. Collected and photographed by M. Strickland.

Distribution.— This animal is known only from Thailand, the Andaman Sea (this study) and

from a photograph of a specimen from Mindanao, Philippines (M. Miller, pers. comm.).

Etymology.— The trivial name bacalusia is Latin for a kind of confection or sweet, which this

animal resembles with its bright, candylike colors.

Natural History.— This animal was found in the open on coral rubble substrate.

External Morphology.— The preserved animal studied (CASIZ 1 15299) measured 40 mm.

The body is firm and smooth, but rigid. The body profile is high and the dorsum has a series oforange

ridges arranged in a reticulate pattern. There are four, orange-tipped, conical tubercles along the

midline at the junctions of the ridges. Just below the orange tips on the largest tubercles is a faint

yellow ring. The ground color of the dorsum and foot is whitish with a gray tinge. There are small

orange dots scattered thickly over the entire dorsum, extending near, but not to the mantle margin.

The small orange dots also terminate just below the orange coloration on the ridge crests. The white

ground color is visible on the sides of the ridges. The mantle is lined with a bright yellow marginal

band. The oral tentacles are short and digitiform. The wide foot has the same bright yellow margin

as the mantle.

The long rhinophores are tapered towards the tips and angled posteriorly. They are translucent

and have 17-19 transverse lamellae, which begin halfway up the stalk, which is ornamented with



FAHEY AND GOSLINER: PRELIMINARY PHYLOGENY OF HALGERDA 43!

Figure 4. HalgerJa hacalusia sp. nov. (CASIZ 1 15299). Scanning electron micrographs of radula. A. Outer lateral teeth,

scale bar = 30 pm; B. Outer lateral teeth, scale bar = 4.3 )im; C. Inner lateral teeth, scale bar = 75 urn; D. Middle lateral teeth,

scale bar = 1 00 \im.

black on the anterior side. The rhinophores have yellow background coloration on the upper half. A
black longitudinal line is present on the posterior face and extends from the base to the club.

The gill has four branchial leaves that are highly pinnate. These leaves have black pigment on

the margins and posterior sides of the branches. The tips of the branches are white. Within the gill

branches are numerous flattened, translucent structures that are glandular.
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Buccal Armature.— The buccal mass is not pigmented. The radular sac is elongate and

extends well behind the posterior end of the buccal mass. The radula (Fig. 4) of the holotype has a

formula of 59 x 57.0.57 (CASIZ 1 15299). The middle lateral teeth are hamate, with long, thin hooks

(Fig 4D). The inner lateral teeth are hamate, shorter than, and gradually increasing in size towards

the middle of the half-row (Fig. 4C). The three outer lateral teeth are much smaller than the middle

teeth and are not hooked but are denticulate (Fig. 4A, B). The denticles are blunt and numerous.

Reproductive System.— The reproductive system is triaulic (Fig. 28). The wide ampulla is

elongate and flattened. The ampulla narrows into the postampullary duct, which bifurcates into the

vas deferens and oviduct. The short oviduct enters the female gland mass. The female gland mass is

longer than the prostate gland. The short vas deferens separates from the ampulla and widens into the

large, widened portion of the glandular prostate. The prostate consists of two distinct glandular types

and they are well differentiated as in most other members of Halgerda. The muscular portion of the

vas deferens leaves the prostate in a long, single duct, then widens slightly into the penial bulb. The

short uterine duct emerges from the female gland mass and joins the spherical receptaculum seminis

near its base. The duct connecting the receptaculum and the bursa is long and coiled. The spherical

receptaculum seminis is much smaller than the thin-walled spherical bursa copulatrix. The bursa is

covered by the larger prostate. The vaginal duct that emerges from the base of the bursa copulatrix is

long and thin. Near its exit adjacent to the base of the male aperture, is an enlarged and obviously

glandular portion of the vagina. The genital atrium is wide and large and the interior has dark

pigmentation.

Discussion.— Halgerda bacalusia has very similar external and internal morphologies to H.

carlsoni Rudman, H. awaiitioinaculata Allan, and H. guahan Carlson and Hoff, but differs in several

ways. Rudman (1978) described H. carlsoni from Fiji. The type specimen was described as having a

smooth, ridged body, with a series of angled ridges. At the junctions of these ridges are red-tipped

tubercles, which have a ring of white below the red tip. Between the largest tubercles on the ridges

are smaller red-tipped tubercles. Scattered over the dorsum are numerous small red spots. The mantle

margin is white with a border of orange or red spots. The foot has an orange-red border band.

Willan and Brodie (1989) recently redescribed H. aiirantiomaciilata (Allan, 1932) from Fiji.

They described their two specimens as having a low body profile, with prominent pustules and a

mid-dorsal ridge connecting the pustules. The pustules were capped with bright orange tips and the

ridges had orange streaks along the summits. The mantle margin was orange and there were 3—8

orange spots of varying sizes in the depressions between the ridges. The foot had an orange margin.

Halgerda guahan Carlson and Hoff has the same firm, low body profile as H. aurantiomacidata.

However, while it does have the characteristic ridges, it does not have pustules. The ridges are edged

in yellow and the mantle margin and foot are edged in a thin, opaque white line.

Halgerda bacalusia also has a smooth, firm, high body profile with a series of angled orange

ridges. There is also yellow coloration alongside the orange lines. At the junctions of these ridges are

orange-tipped tubercles, which have a ring of yellow below the orange tip. Between the largest

tubercles on the ridges are smaller, orange-tipped tubercles. Scattered over the dorsum are numerous

small orange spots. The mantle has a bright yellow border, as does the foot.

In addition to the external coloration differences, Halgerda bacalusia differs from H. carlsoni,

H. aurantiomaculata and H. guahan in the following ways:

1 ) All four species have long, tapering rhinophores. The rhinophores of both H. carlsoni and H.

bacalusia have a yellowish club, and the edges of the lamellae have black pigment. The rhinophores

of//, aurantiomaculata and //. carlsoni are covered with small, regularly-spaced, brown spots, which

are darker on the stalk than on the club. The brown spots on the rhinophores are larger on //. guahan
and the posterior side of the base has a thick brown streak on some specimens. Halgerda bacalusia

has a black posterior line. The rhinophoral sheath of//, guahan also has a yellow margin. Halgerda

carlsoni has 18-20 lamellae, all located near the tip, whereas H. bacalusia has 17-18 lamellae,
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covering half the stalk and H. aitrantiomaculata has 25 lamellae. The clavus of the rhinophores is

angled posteriorly in all species.

2) The gill branches of H. aurantiomaculata. H. guahan and H. carhoni have brown spots

whereas H. hacalusia has dark pigment and no distinct spots.

3) There is a glandular portion of the vagina in H. malesso, H. caiison, H. awantiomaculata and

H. hacalusia. Halgerda guahan does not have this structure. The vaginal ducts of//, hacalusia, H.

guahan and H. carlsoni are thinner than either H. awantiomaculata or H. malesso. Halgerda malesso

has a long, extremely wide vagina.

4) There is dark pigmentation on the genital atrium of//, aurantiomaculata, H. malesso and //.

hacalusia, whereas //. carlsoni does not have this pigmentation. There is a common genital atrium

in three species while in //. guahan the penis and vagina are separate to their distal ends.

5) The radular sac of //. carlsoni, H. awantiomaculata and //. hacalusia is elongate. No
information is available on the radular sac of//, guahan or //. malesso.

6) The three outer lateral teeth of//, carlsoni are much smaller than the middle lateral teeth.

Although Rudman (1978) reported the three outer teeth as not denticulate, specimens examined from

Papua New Guinea did have three denticulate outer teeth. The outer lateral teeth of//, aurantiomacu-

lata are also smaller than the middle lateral teeth and sometimes weakly bifid (Willan and Brodie,

1 989). Both //. guahan and //. malesso have three outer lateral teeth which are smaller than the middle

teeth; two are denticulate and the third only slightly so. In all four species, the middle laterals are

hamate.

Although //. hacalusia shares similar characters with //. aurantiomaculata, H. carlsoni and //.

guahan, its unique combination of characters confirm it as a new species. The parsimony based

analysis ofthe Halgerda genus also confirms that //. hacalusia is more closely related to //. stricklandi

than to other members of the genus.

Halgerda hacalusia differs from //. stricklandi in the following ways:

1

)

External morphology. Halgerda stricklandi has orange-tipped conical tubercles, not connected

by ridges. Halgerda hacalusia has orange and yellow-tipped tubercles connected by orange crested

ridges. Halgerda hacalusia has a yellow-orange mantle margin and H. stricklandi has no coloration

along the margin. The orange spots on the dorsum of //. hacalusia are tiny, whereas those of //.

stricklandi are much larger and fewer.

2) Reproductive system. Halgerda stricklandi has a female gland mass approximately the same
size as the prostate. Halgerda hacalusia has a female gland mass that is larger than the prostate. The

ampulla of//, stricklandi is elongate with a single curve, and in //. hacalusia, the ampulla is elongate

and flat. The dark pigmentation on the genital atrium of//, stricklandi is near the opening ofthe genital

atrium, whereas the pigmentation on the genital atrium of//, hacalusia is near the juncture of the

vagina and the penis.

3) Buccal armature. Halgerda hacalusia has blunt denticles on the three outer lateral teeth, and

the denticles on //. stricklandi are sharper. The inner teeth of //. stricklandi are hamate with short

hooks and those of//, hacalusia are hamate with long hooks.

Halgerda diaphana sp. nov.

Figs. IC, 2C, 5,6, 7

Material Examined.— Holotype: CASIZ 079369, one specimen, 34 mm. 1 km WNW Onna Village.

Horseshoe Cliffs, Ryukyu Islands, Okinawa. 50 meters depth, September, 1991. Collected by R. Bolland.

Paratypes: CASIZ 070 1 1 8, one specimen. 30 mm. dissected. 2 km ENE southern tip, Ryukyu Islands, Okinawa.

23 meters depth, March. 1987. Collected and photographed by R. Bolland. CASIZ 074688, one specimen. 25

mm. 1 km WNW Onna Village, Horseshoe Cliffs, Ryukyu Islands, Okinawa. 60 meters depth, March, 1984.

Collected by R. Bolland. CASIZ 079368, one specimen, dissected. 39 mm. 1 km WNW Onna Village, Horseshoe

Cliffs, Ryukyu Islands, Okinawa. 27 meters depth, August, 1991. Collected by R. Bolland. CASIZ 084877, one
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specimen, 49 mm. Seragaki Beach, 1.3 km ENE of Maeki-zaki. Ryukyu Islands, Okinawa. 47 meters depth,

October, 1991. Collected by R. Bolland. CASIZ 086598, one specimen, 37 mm. Seragaki Beach, 1.3 km ENE
of Maeki-zaki, Ryukyu Islands. Okinawa. 3 meters depth. May, 1992. Collected by R. Bolland. CASIZ 087900,

one specimen, 69 mm. Seragaki Beach, 1 .3 km ENE of Maeki-zaki, Ryukyu Islands, Okinawa. 43 meters depth.

August, 1992. Collected by R. Bolland. CASIZ 089002, one specimen, 49 mm. 1.3 km ENE of Maeki-zaki,

Seragaki Beach, Ryukyu Islands, Okinawa. 3 meters depth. September, 1992. Collected by R. Bolland. CASIZ

089012. one specimen, dissected, 50 mm. 1 km WNW Onna Village, Horseshoe Cliffs, Ryukyu Islands,

Okinawa. 55 meters depth, December, 1992. Collected by R. Bolland. CASIZ 104698, one specimen, 29 mm.

1 km WNW Onna Village, Horseshoe Cliffs, Ryukyu Islands, Okinawa. 30 meters depth. November, 1994.

Collected by R. Bolland. CASIZ 105305, one specimen, dissected, 53 mm. Seragaki Tombs, Ryukyu Islands,

Okinawa. 25 meters depth. November, 1994. Collected by R. Bolland.

Distribution.— This animal is known only from the Ryukyu Islands, Okinawa (this study).

Etymology.— The trivial name diaphana is from the Greek word diaphanes meaning a gauzy

texture that is translucent or transparent, like the dorsum of this new species.

Natural History.— This animal is found from 3-60 meters depth, on various substrates from

rock and coral rubble to silty sand. It has also been found on vertical rock walls and on the reef forefront

on coral rubble and in crevices at the reef edge.

External Morphology.— The preserved animals dissected (CASIZ 070118, 079368 and

105305) are 30 mm, 25 mm, and 30 mm respectively, in length. The body is firm and smooth, but

rigid. Although the body profile is slightly arched, this species does not have the high body form

common in most other Halgerda. The dorsum has orange crested ridges arranged in a distinct

triangular pattern of three points per side of the dorsum. There are four pustules at the centerline of

the dorsum that join the orange crests. There are secondary orange lines in the concavities of the

ridges. The ground color of the dorsum and foot is translucent white, with the viscera clearly visible

through the dorsum. The mantle submargin is lined in bright orange, and some animals have yellow

coloration on the outside of the orange margin. The mantle edge is bright white. The oral tentacles

are short and digitiform. The wide foot has the same bright orange submargin as the mantle.

The long rhinophores are tapered towards the tips and the bulb is angled posteriorly. The white

translucent rhinophores have 18 transverse lamellae, which begin halfway up the stalk. The rhino-

phores have black speckles sprinkled liberally along their length. The extreme tip of the rhinophore

is white.

There are two main branchial leaves that are moderately pinnate. Each of the two main leaves

divides into three branches, with the posterior two being more pinnate than the anterior pair. The gills

have the same black speckles that completely cover the rhinophores. The extreme tip of each branchia

is white. Within the gill rachis are numerous flattened, translucent structures that are glandular. The

anal papilla is long and tubular with black speckles on both the posterior and anterior sides.

Buccal Armature.— The buccal mass is not pigmented. The radular sac is elongate and

protrudes well behind the posterior end of the buccal mass. The radular formulae of the dissected

specimens are 53x43.0.43 (CASIZ 070118), 49x50.0.50 (CASIZ 079368) and 55x51.0.51

(CASIZ 105305). The outer and middle lateral teeth are hamate (Figs. 5, 6, 7). The 10 innermost

lateral teeth are hamate and small, then significantly larger towards the middle of the half-row (Figs.

5, 6, 7). The three outer lateral teeth are much smaller than the middle teeth and are not hooked but

some are denticulate (Figs. 5, 6, 7). The denticles are blunt and numerous.

Reproductive System.— The reproductive system is triaulic (Fig. 2C). The wide tubular

ampulla is elongate and lies tightly against the female gland mass. The ampulla narrows into the

postampullary duct, which bifurcates into the vas deferens and oviduct. The short oviduct enters the

female gland mass. The female gland mass is about the same size as the prostate gland. The short vas

deferens separates from the ampulla and widens into the large glandular prostate. The prostate consists

of two distinct glandular types, which are well differentiated as in most other members of Halgerda.
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Figure 5. Halgerda diapluina sp. nov. (CASIZ 0701 18). Scanning electron micrographs of radiila. A. Outer lateral teeth,

scale bar = 25 (.im: B. Inner lateral teeth, scale bar = 25 |.im: C. Middle lateral teeth, scale bar = 60 |am.

The vas deferens leaves the prostate in a long, single duct, then widens substantially into the long,

muscular portion of the penial bulb. The short uterine duct emerges from the female gland mass and

joins the pyriform receptaculum seminis at its base. The duct connecting the receptaculum and the

bursa is moderately long and convoluted. The pyriform receptaculum seminis is much smaller than

the thin-walled spherical bursa copulatrix. The bursa is covered by the larger prostate. The vaginal
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Figure 6. Halgerda diaphana sp. nov. (CASiZ 079368). Scanning electron micrographs of radula. A. Outer lateral teeth.

scale bar = 15 |am. B. Outer lateral teeth, scale bar = 43 ^m. C. Inner lateral teeth, scale bar = 43 nm. D. Middle lateral teeth,

scale bar = 60 |.im.
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Figure 7. Halgerda diapluuui sp. nov. (CASIZ 105305). Scanning electron micrographs of radula. A. Outer lateral teeth,

scale bar = 15 (im; B. Outer lateral teeth, scale bar = 60 nm; C. Inner lateral teeth, scale bar = 43 |.im; D. Middle lateral teeth,

scale bar = 1 00 jim.
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duct that emerges from the base of the bursa copulatrix is short and immediately widens into the very

large and glandular vagina. The openings ofthe vagina and the penis share the common genital atrium,

which has dark pigmentation half-way down its length on the interior of the duct.

Discussion.— Halgcrda diaphana shares similar external characteristics with H. auraii-

tiomaculata and H. guahan. Carlson and Hoff (1993) described H. guahan from Guam and Willan

and Brodie (1989) redescribed H. aiirantiomaculata from Fiji. Halgerda guahan and H. auran-

tiomaculata have the same firm, low body profile as H. diaphana. However, while H. guahan has the

characteristic ridges, it does not have pustules. Halgerda aurantiomaculata has prominent pustules,

with four along the midline of the dorsum like H. diaphana. The ridges oiHalgerda guahan are edged

in yellow and the mantle margin and foot are edged in a thin, opaque white line. Halgerda diaphana

and H. aurantiomaculata both have orange ridge crests and orange coloration submarginally along

the mantle margin. The orange submarginal band on the mantle of H. diaphana is edged in bright

white whereas the mantle margin of//, aurantiomaculata is orange. Halgerda aurantiomaculata has

orange spots of various sizes on the mantle in the ridge concavities, while H. diaphana has secondary

orange lines in the concavities.

There are several other distinct differences between H. diaphana. H. aurantiomaculata and H.

guahan:

1

)

The rhinophores of both H. diaphana and H. aurantiomaculata have black speckles along the

entire length. Halgerda guahan has brown spots on the rhinophores which are larger and the posterior

side of the base has a thick brown streak on some specimens. The rhinophoral sheath of H. guahan
also has a yellow margin. The club of the rhinophores is tilted backwards in all three species.

2) There is a glandular portion of the vagina in H. aurantiomaculata, whereas the entire vagina

of H. diaphana is glandular. Halgerda guahan does not have this glandular structure. The vaginal

duct of H. guahan is longer and thinner than that of either H. aurantiomaculata or H. diaphana.

3) There is dark pigmentation on the genital atrium of both H. aurantiomaculata and H. diaphana

whereas H. guahan does not have this pigmentation (C. Carlson, pers. comm.). There is a common
genital atrium in H. aurantiomaculata and H. diaphana while in H. guahan the penis and vagina are

separate.

4) The outer lateral teeth of H. diaphana are much smaller than the middle lateral teeth, and are

denticulate. The outer lateral teeth of H. aurantiomaculata are also smaller than the middle lateral

teeth and sometimes weakly bifid (Willan and Brodie 1 989). Halgerda guahan has three outer lateral

teeth which are smaller than the middle teeth; two are denticulate and the third only slightly so. In all

three species, the middle laterals are hamate.

Although H. diaphana shares similar characters with H. aurantiomaculata and H. guahan, its

unique combination of characters establishes it as a new species. The parsimony based analysis of

the Halgerda genus confirms that H. diaphana is a sister taxon to H. aurantiomaculata, H. bacalusia,

and H. stricklandi and is more closely related to them than to other members of the genus.

Phylogenetic Relationships

Phylogeny of Halgerda

Species of Halgerda have been recently described by several authors (Rudman 1978; Bertsch

and Johnson 1982; Willan and Brodie 1989; Carlson and Hoff 1993; Yonow 1993; Gosliner and

Fahey 1 998; and Fahey and Gosliner, 1 999). Additional data were taken from the original publications

on Halgerda (Bergh 1880; Eliot 1904; Farran 1905). Valdes and Gosliner's data (submitted) were

used for the character description of Asteronotus. In addition, the following species were examined

directly: Halgerda formo.sa Bergh, 1 880; H. elegans Bergh, 1 905; H. albocristata Gosliner and Fahey,

1998; H. willeyi Eliot, 1904; H. dalanghita Fahey and Gosliner, 1999; H. bacalusia Fahey and

Gosliner, 1999; H. carlsoni Rudman, 1978; H. tessellata Bergh, 1880; H. stricklandi Fahey and
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Gosliner. 1999; H. dichromis Fahey and Gosliner, 1999; H. toliara Fahey and Gosliner, 1999; H.

teiramtuentis Bertsch and Johnson, 1982; H. sp. 2, undescribed species.

Thus, previous literature and direct observation and dissection of 13 species of Halgenhi and

members of the outgroup have provided the information on the characters for the present study of the

phylogenetic relationships of Halgerda species. To establish the polarity of the morphological

characters (Table 1 ) used in this study, one outgroup was selected based on a review of anatomical

characters. We used Asteronotus as the outgroup rather than Sclerodoris, based on the phylogenetic

study of Valdes and Gosliner (submitted).

The following characters were considered in this analysis:

[Note: Characters in parentheses were deleted from the first analysis, because they are phyloge-

netically uninformative. Those character descriptions preceded by an asterisk were deleted from a

second analysis that tested how color characters (and phylogenetically uninformative characters)

affect the tree topology.]

1. *Rhinophores.—All species of Halgerda have elongate rhinophores. The outgroup taxon,

Asteronotus has short rhinophores and this character is considered plesiomorphic.

2. *Ridges.—All Halgerda have dorsal ridges. These ridges can be low-lying and almost level

with the rest of the notum or they can be quite high and distinct. Asteronotus does not have ridges.

The absence of ridges is considered the pleisiomorphic state.

3. Tubercles.—Rounded dorsal tubercles are absent in seven Halgerda species. Distinct rounded

tubercles are present on nine Halgerda species, while pointed tubercles are present on another seven

species. Asteronotus has prominent rounded tubercles, which are connected in concentric circles. The

absence of tubercles is considered pleisiomorphic.

4. Small marginal tubercles.—Small tubercles are found along the mantle edge of four species

of Halgerda: H. brunneomaculata. H. formosa, H. tessellata, and H. toliara. The outgroup taxon,

Asteronotus does not have these marginal tubercles, and their presence is considered apomorphic.

5. *(Caryophyllidia.

—

No species of Halgerda or Asteronotus have caryophyllidia. This charac-

ter is not applicable to the taxa being studied since caryophyllidia are absent from the outgroup and

ingroup taxa studied).

6. *Body color.—The plesiomorphic state of an orange-yellow or reddish body color is shared

by the outgroup taxon and four Halgerda species: H. hrunneomaculata, H. xishaensis, H. dalanghita,

and H. toliara. All other Halgerda have a white to gray-white background color.

7. Ridge color.—Three Halgerda have white dorsal ridges: H. albocristata, H. xishaensis, H.

dalanghita. All others have orange or yellow ridges, while the outgroup taxon has the same coloration

over its entire dorsum. Ridges that are the same color as the dorsum are considered the plesiomorphic

state.

8. *Dark marginal lines.—Black marginal lines are unique to four Halgerda: H. albocristata, H.

elegans, H. iota, and H. willeyi. The marginal lines lie perpendicular to the mantle edge. These

marginal lines are not present on the outgroup taxon. Lack of marginal lines is the plesiomorphic

state.

9. *Dark spots.—Black dorsal spots are present on four Halgerda: H. brunneomaculata, H.

formosa, H. punctata, and H. dichromis. These spots can range from deep purple-black to dark brown.

The outgroup taxon does not have these distinguishing spots, and this state is plesiomorphic.

10. Gill branching.—Only two Halgerda species share the tripinnate gill branching pattern with

the outgroup taxon. Those two are H. xishaensis and H. dalanghita. The tripinnate gill pattern is

considered plesiomorphic.

11. *Gill spots.—Dark spots on the gill branches are considered the apomorphic state. Nine

species have these symmetrical round spots. Fourteen Halgerda species lack spots and share the

plesiomorphic state with the outgroup taxon.
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Table 1. Characters and states considered for the phylogeny of Halgerda.
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12. Gill stripes.—Lack of dark gill stripes is the plesiomorphic state, and twelve species share

this state with the outgroup. Ten species have dark stripes on the gill branches. The stripes run from

bottom to top, along the posterior of the gill rachis.

13. *Gill tips.—All but five Halgerda species share the plesiomorphic character with the

outgroup taxon with white gill tips that are the same color as the rest of the gill. The five Halgerda

species that have black gill tips are: H. albochstata, H. elegans, H. fonnosa, H. iota, and H. toliara.

14. Gill shape.—Only two Halgerda species have gill branchia which lie flat on the dorsum: H.

punctata and H. dichromis. All other species including the outgroup taxon have erect gill branchia.

This is considered the plesiomorphic state.

1 5. Gill pinnation.—The plesiomorphic character state is a highly pinnate gill. This state is shared

by the outgroup taxon and H. dalaughita. All other Halgerda have a moderately pinnate gill except

for H. hrunneomaculata and H. toliara which have a sparsely pinnate gill.

1 6. *Rhinophore base.—The rhinophoral base is the same as the body color in Asteronotiis. Three

Halgerda species share this plesiomorphic character state: H. alhocristata, H. elegans, and H. toliara.

The three other character states: dark blotches, dark spots and dark stripes are distributed among the

other Halgerda species. This character is treated as unordered.

1 7. Rhinophore bulb.—A rhinophoral bulb that is the same color as the body is the plesiomorphic

state, and only Asteronotus has this character state. All Halgerda species have dark coloration on the

bulb.

18. (Gill glands.—All Halgerda share the apomorphic character state of opaque white glands

internal to the gills. This character state could not be determined for H. xishaensis. The outgroup taxon

has gill glands which are not opaque.)

19. (Oral tentacles.—Short rounded oral tentacles are plesiomorphic. Half of the Halgerda

species share this character state with the outgroup taxon. The character state could not be determined

from the literature for H. iota).

20. Foot border.— Asteronotus does not have a colored margin around the foot. Nine Halgerda

species have a yellow or orange foot margin. This character state could not be determined for H.

dichromis. Lack of a foot margin is considered plesiomorphic.

2 1

.

*Foot lines.—Dark-colored foot lines are absent in the outgroup taxa, and in most Halgerda

species. However, H. iota, H. tessellata, and H. willeyi have dark lines along the edge of the foot. The

presence of dark lines on the foot is considered apomorphic.

22. *Foot spots.—Over half of the Halgerda species have dark spots on the foot. Asteronotus

and the other half of the Halgerda species do not have dark foot spots. This is considered the

plesiomorphic state.

23. *Body shape.— Asteronotus has a broad body shape, the plesiomorphic state. This shape is

shared by half the Halgerda species. The other half have a more elongate body shape.

24. *Secondary orange lines.—Ten Halgerda species have secondary orange lines on the notum

between the ridges. Asteronotus does not have these secondary lines, and this is considered the

plesiomorphic state.

25. *Orange dots.—Orange dots on the notum is the apomorphic character state of five Halgerda

species: H. aurantiomaculata, H. carlsoni, H. punctata, H. stricklandi, and H. bacalusia. The

outgroup taxon and the remaining Halgerda do not have orange dots on the notum.

26. Radular sac.—The radular sac of most Halgerda is elongate. Only H. dalanghita has a short

radular sac, which is the plesiomorphic character state of the outgroup taxon Asteronotus. This

character state could not be determined for five taxa.

27. *Buccal mass.—Most Halgerda species have an unpigmented buccal mass as doc?, Asterono-

tus. However, H. alhocristata, H. formosa, H. wasinensis, and H. willeyi all have dark pigmentation

on the buccal mass. An unpigmented buccal mass is the plesiomorphic state. This character state could

not be determined for H. graphica, H. xishaensis or H. dichromis.
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28. Radula shape.—The shape of the radular ribbon is nearly square in Asteronotus and H.

dalanghita. This radula shape is the plesiomorphic state. All other Halgerda species have a rectangular

radular ribbon.

29. Middle lateral teeth.—All Halgerda species except H. dalanghita share the plesiomorphic

character state of hamate middle lateral teeth. Halgerda dalanghita has elongate, middle lateral teeth.

30. Outer lateral teeth shape.—Pointed, undivided outer lateral teeth is the plesiomorphic

character state which is shared by Asteronotus, H. graphica, H. iota, H. willeyi, and H. dalanghita.

The remaining Halgerda species have fimbriate outer lateral teeth.

3 1 . Outer lateral teeth size.—Only H. dalanghita has outer lateral teeth that are the same size as

the middle lateral teeth. Asteronotus and all other Halgerda species have smaller outer lateral teeth

than the middle teeth. The presence of smaller outer lateral teeth is the plesiomorphic state.

32. Fimbriate teeth.—Of the species which have fimbriate outer teeth, only H. alhocristata, H.

hrunneomaculata, and H. elegans have elongate fimbriate teeth. All other species have short fimbriate

teeth. The presence of short, fimbriate, outer lateral teeth is considered the plesiomorphic character

state. This character state is not relevant for five species, including the outgroup (see character 30

above).

33. Ampulla length.—A short ampulla is considered plesiomorphic. This character state is shared

by both the outgroup taxon and five Halgerda species. All other Halgerda have a long ampulla. Data

were unavailable for four species: H. graphica, H. iota, H. punetata, and H. xishaensis.

34. Vagina length—Six Halgerda species share the plesiomorphic character state of a short

vagina with Asteronotus. All other Halgerda have an elongate vagina. Data were unavailable for the

same four species as in character 33.

35. Vagina shape.—The outgroup taxon and nine Halgerda species have a narrow vagina. The

other Halgerda, for which data were available, have a wide vagina. A narrow vagina is the

plesiomorphic character state.

36. Vagina duct.—The vaginal duct enters the common atrium proximally in the outgroup taxon

and in all Halgerda except H. alhocristata, H. aurantiomaculata, H. elegans, and H. guahan in which

they are separate to the base. Data were unavailable for the same four species noted above. A common
atrium is the plesiomorphic state.

37. Vaginal base.—A narrow vaginal base is considered the pleisiomorphic character state. All

Halgerda share this state with the outgroup taxon except H. formosa, H. tessellata, H. wasinensis, H.

willeyi, and H. diaphana. No data are available for the four Halgerda species mentioned previously.

38. Vaginal sphincter.—A sphincter at the top of the vagina is present in five Halgerda species:

H. formosa, H. tesselata, H. wasinensis, H. willeyi, and H. dichromis. No sphincter is present in the

outgroup taxon, and this is considered the pleisiomorphic state. No data are available for the same

four Halgerda species as above.

39. (Prostate.— All Halgerda and Asteronotus have a two-part prostate. Data were unavailable

for the same four species as noted above).

40. (Differentiation ofprostate.—All taxa studied except H. dalanghita have a well-differentiated

prostate. A well-differentiated prostate is the apomorphic state. Data were missing for the same four

species noted above).

41. Ejaculatory duct.—A short ejaculatory duct is the plesiomorphic character state, and the

outgroup taxon shares this state with eight Halgerda species. The ejaculatory duct is elongate in all

other Halgerda for which data were available.

42. Receptaculum seminis.—The receptaculum seminis is about the same size as the bursa

copulatrix in the outgroup taxon, in H. hrunneomaculata and H. carlsoni. In all other Halgerda for

which data were available, the receptaculum is smaller than the bursa.
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43. Tubercular vaginal glands.—Tubercular vaginal glands are present in eight Halgerda species.

This is considered apomorphic. Lack of tubercular vaginal glands is the character state shared by the

outgroup taxon and the remaining Halgerda species for which data were available.

44. Penis.—Four Halgerda species have a tubular penis. All other Halgerda for which data were

available have a bulbous penis like Asteronotus. A bulbous penis is the plesiomorphic state.

45. Uterine duct insertion.—The uterine duct inserts at the base ofthe bursa in the outgroup taxon,

and in half the Halgerda species. In the other Halgerda species, the duct inserts at a point more distal

to the bursa, closer to the receptaculum seminis. This is considered apomorphic. No data were

available for the same four Halgerda species.

46. (Prostate.—The prostate is smaller than the female gland mass in the outgroup taxon and in

half the Halgerda species. In the other half, the prostate is the same size as the female gland mass.

The smaller prostate is considered plesiomorphic. No data were available for the same four species

as above).

47. *Atrium pigment.—Dark pigmentation is present on the genital atrium of six Halgerda

species. All other species, including the outgroup taxon have no pigmentation on the genital atrium.

This is the plesiomorphic state.

48. Mantle margin.—A colored margin around the perimeter of the mantle is a character state

shared by six Halgerda species. The outgroup taxon does not have a colored mantle margin. Lack of

a colored mantle margin is considered pleisiomorphic.

Methods

In order to develop phylogenetic hypotheses regarding Halgerda, the above described characters

were placed into a data matrix (Table 2) from MacCIade version 3.04 (Maddison and Maddison 1 998).

All characters used have equal weight and are unordered. Six characters were deleted from the first

analysis due to being parsimoniously uninformative. The characters deleted are indicated in paren-

theses in the character descriptions (previous section). The data were analyzed by Phylogenetic

Analysis Using Parsimony (PAUP) version 4.0b2 by David Swofford ( 1 999). A heuristic search was

performed with the optimality criterion of maximum parsimony. The stepwise addition option of

Random Trees was used, with 100 repetitions, starting from random start trees. Four most parsimo-

nious trees were produced. The trees required 128 steps and had a consistency index of 0.375. The

strict consensus tree is shown in Figure 8. Figure 9 shows the majority rule tree with the character

numbers and character reversals. The underlined numbers indicate reversals.

An evaluation was performed of one million trees sampled randomly from the set of all possible

trees. The mean of that evaluation is 205.2, the standard deviation is 7.72, the gl statistic is -0.34 and

the g2 statistic is 0.08.

A decay analysis was performed using a heuristic search by PAUP for all trees <129 steps. The

stepwise addition option of Random Trees was used, with 100 repetitions, starting from random start

trees. A 50% majority-rule consensus of390 trees was computed. The Consistency Index (CI) is 0.372

for this tree.

A second analysis was performed deleting color-based characters to determine the impact ofthese

characters on the tree topology. An asterisk preceding the character description (previous section)

indicates the characters deleted for this analysis. The data were analyzed by the same method using

PAUP as described for the first analysis. Figure 1 shows the strict consensus of 72 most parsimonious

trees obtained by deletion of the color characters. The tree required 77 steps and had a CI of 0.42.

Discussion

Character analysis indicated that nearly half of the characters were subject to at least one instance

of homoplasy, either parallelism or reversal. Figure 9 shows those characters by number. Some of

these characters are: small marginal tubercles; elongate, fimbriate outer teeth; a long ampulla; a wide
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Strict

Figure 10.

(Table 2).

Strict consensus of 72 most parsimonious trees, derived from color characters deleted from data matrix

vagina; a wide vaginal base; and the uterine duct inseilion at a point more distal to the bursa copulatrix.

The other characters all relate to color, and it was for this reason that the second analysis, which

deleted these characters, was performed. Figure 10 shows that the same tree topology is maintained

after deletion of the color characters, although there is less resolution at the terminal branches.

Several apomorphies exhibit no instance of parallelism or reversal. They include: an elongate

vagina, a vaginal sphincter, a tubercular vaginal gland, a bipinnate gill, flat gill branchia, an elongate

ejaculatory duct, a tubular penis, and a receptaculum seminis that is smaller than the bursa copulatrix.

Further character analysis and testing of the data are needed to strengthen the phylogenetic

hypothesis of the genus Halgerda.
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Cladogenesis

The pattern of species cladogenesis ofHalgerda is similar to that ofother opisthobranch lineages,

such as Thuridilla (Gosliner 1995). In short, there is little adaptive radiation in the lower branches of

the tree and the most derived clades tend to undergo more speciation than lower clades.

Previous studies (Gosliner 1995) have shown that the opisthobranch clades which undergo more

adaptive radiation are strictly tropical. Halgerda fits this model and they are found only in tropical

waters.
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Four new species of Platymantis {P. cagayanensis, P. indeprensus, P. pseudodorsalis, and P.

taylori) are described. Two are from Mt. Banahao, one from the Central Cordillera, and

one from the Sierra Madre, Luzon Island, Philippines. These species are in the dorsalis

Group as diagnosed at present. The distinguishing characters and distribution of the

Philippine species of the dorsalis Group are discussed.

Since 1994, our field work on Mt. Maquiling and Mt. Banahao (two mountain peaks in southern

Luzon), the Central Cordillera, and Sierra Madre (northern Luzon, Philippines), has resulted in the

recognition of 1 1 species o^ Platymantis, dorsalis Group as currently defined (Brown et al. 1997a).

Seven of these have been described: P. corrugatiis, P. dorsalis, P. spelaeus, P. levigatiis, P. miinidus,

P. naomii, and P. pygmaeus.

These species are clearly distinguished by their advertisement calls, although they share a number

of morphological features. These similarities, particularly of the digits, are the main reason for the

failure of earlier herpetologists to recognize them as separate species.

Materials and Methods

Materials examined include: ( 1
) holotypes ofPlatymantis: P. corritgatus, P. dorsalis, P. mimiiliis,

P. levigatus, P. spelaens, P. naomii, and P. pygmaeus; (2) all specimens from recent collections on

Mt. Banahao, Mt. Maquiling, Central Cordillera, and Sierra Madre that are referable to the dorsalis

Group of species. These materials are in the custody of the following institutions: Museum National

d'Histoire Naturelle (MNHN), the California Academy of Sciences (CAS or CAS-SU), Philippine

National Museum (NMPH), SiUiman University Biology Museum (SUBM).

Morphometric characters: snout-vent length (SVL), head length (HL), head breadth (HW), snout

length (SnL), diameter of eye (ED), diameter of tympanum (TD), tibia length (TiL), and third finger

length from proximal edge of basal tubercle (3FL) were measured to the nearest 0.1 mm, using a

449
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Helios dial caliper. Other morphological characters include webbing of toes, tubercles of hands and

feet, skin ornamentation, head shape, vomerine teeth, and color pattern.

Wide band spectrograms of the advertisement calls were prepared using a Kay Electrics

Sonagraph (Model #550) and SIGNAL Sound Analysis System software. No temperature data were

recorded.

Systematic Section

Platymantis cagayanensis new species

Fig.'l

Holotype.— NMPH 6691, an adult female collected in disturbed Dipterocarp forest in Taggat

Forest Reserve in Santa Praxedes Town, Central Cordillena, Cagayan Province, Luzon, at 50-100 m
elevation, by A. C. Alcala and party, September 4, 1998.

Paratypes.— CAS 207447-207451, NMPH 6692-6693, and SUBM 2321-2322, collected at

the same locality as the holotype on September 4, 1998.

Description of holotype. — An adult female (measurements in mm): SVL 34.7, HL 13.7, HW
13.8, SnL 6.2, ED 4.9, TD 2.1, TiL 19.5, 3FL 5.2; head relatively smooth; dorsum shagreened with

many small tubercles and low, short, irregular ridges; venter and thighs smooth. Color ofdorsum dark

brown, with a dark X-mark at shoulder region; a dark interorbital bar; dark cross bars on fore and

hind limbs. Color of venter cream; dark mottling on throat and breast.

Diagnosis.— Advertisement call distinct (Fig. 5A); large size, based on SVL of small sample

(Table 1 ); TD/SVL 6-9% (Table 2); a few tubercles and numerous short ridges on dorsum; dorsal

ground color reddish brown to brown with darker patches associated with ridges.

Description.— SVL 26.4—30.8 mm for seven males and 34.7-37.4 mm for two females; HL
39-43% of SVL and HW 40-46% of SVL; snout rounded, upper Jaw moderately protruding, SnL

17-19% of SVL; eye moderate, ED 14-16% of SVL; tympanum distinct, TD 6-9% of SVL; canthus

rounded; lores slightly oblique and concave; vomerine teeth prominent, patches widely separated;

fingers without webs; disks small and grooved; first, second, and fourth finger about equal in length;

3FL 15-16% of SVL; subarticular tubercles strongly protruding, blunt to pointed; one row of

supernumerary tubercles; palmar area otherwise smooth; hind limbs long, TiL 55—62% of SVL; toes

webbed at base, reaching distal edge of basal tubercle or beyond on fifth toe; disks of toes about equal

to or slightly larger than those of fingers; inner metatarsal tubercle elongate; outer small and rounded;

plantar area smooth; dorsum with a few tubercles and numerous short ridges; venter relatively smooth

or with granules under head and throat; posterior thighs granular.

Color.— In life, ground color of dorsal and upper lateral surfaces reddish brown (Fig. 1 ). There

are a few small, dark spots on dorsum, a dark bar behind the eye, and weak, dark bands on the hind

limbs.

In preservative, dorsal ground color brown with small darker areas associated with pattern of

ridges to predominately darker, almost blackish; upper lateral surfaces darker; a dark interorbital bar;

venter creamy with brownish mottling anteriorly; limbs with dark, transverse bars.

Reproduction.— Non-pigmented ovarian eggs, measuring about 1.75 mm in diameter, are

present in one of the females. No other information is available.

Advertisement Call.— The advertisement call (Fig. 5A) is distinct. It sounds like"kree-eek-

kree-eek." The first, second, fourth and sixth parts (pulses) of each note are between about 1 500 and

2000 Hz. The third and fifth parts are between 2700 and 3300 or 3400 Hz. The duration of each note

ranges from about 0.25 to 0.27 seconds. The interval between notes ranges from about 0.52 to 0.55

seconds.
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FkiL'RE I. Platymantis cagavanensis (CAS 207448) showing characteristic color and ornamentation.

Etymology.— The name is derived from that of the province, Cagayan, in the Central

Cordillera, Luzon where the population was discovered.

Comparisons.— This species, in terms ofsize (SVL 26.0-35.0 mm), is one of the six Philippine

species of the dorsalis Group that are termed large (Table 1). In general appearance this species is

most similar to Plahmantis dorsalis. However, the advertisement call is very different (Fig. 5A). For

the call of P. dorsalis, see Brown et al. 1997b. fig. IB.

Habitat.— Forest floor in disturbed priinary forest is the only known habitat for this species.

Platymantis taylori new species

Fig. 2

Holotype.— NMPH 6684, an adult female collected by Arvin C. Diesmos in disturbed lowland

rain forest in eastern Sierra Madre Mountains in Sitio Natapdukan, Barangay Didian, municipality of

Palanan, Province of Isabela, Luzon Island on March 21, 1997.

Paratypes.— NMPH 6512-6513, 6524, 652^-6529, SUBM 2326, and CAS 207440-207442

from the same site as the holotype on March 1 9-23, 1 997; and NMPH 667 1 , 6674-6675. 6687-6688,

SUBM 2327, and CAS 207443-207446 Sitio Bios, Barangay Reina Mercedes municipality of

Maconacon, Isabela Province about 50 km north of type locality.

Description of holotype.— A mature female (measurements in mm): SVL 35.5, HL 14.7, HW
13.9, SnL 6.5, ED 4.9, TD 3.3, TiL 22.0, 3FL 5.9; dorsum with several low, short ridges anteriorly;

dorsum with dark interorbital bar and a few dark spots on body; limbs with dark crossbars; venter

creamy with some dark spots anteriorly.

Diagnosis.— Advertisement call distinct (Fig. 5B); large size, based on SVL of males (Table

1 ); TD/SVL 7-9% (Table 2); a few low ridges and tubercles on back; dorsal ground color light brown

to grayish brown with scattered dark spots.
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Table 1. Size categories (SVL in mm) for Philippine species of the dorsalis Group (N =

number in sample).
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Table 2. Proportional measurements as a percent of SVL for the species described
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Reproduction.— Reproduction has not been observed. However, the large, unpigmented eggs

in the holotype are indicative of direct development, characteristic of all known species of the genus.

Advertisement Call.— The call (Fig. 5B) sounds like "kraak-kraak-kraak." Each note

consists of several pulses between 1200-3900 Hz, with the terminal group very closely spaced. The

duration ofeach note is about 0.3—0.4 seconds. The interval between notes is short, 0. 1 3-0. 1 4 seconds.

Etymology.— This species is named for Edward H. Taylor who devoted the period 1912 to

1923 to the study of the Philippine herpetofauna.

Comparisons.— This species, like P. cagayancnsis. is one of the large species of the Philippine

dorsalis Group. The advertisement call (Fig. 5B) is very distinct, however.

Habitat.— The specimens of this species were taken from the floor ofdisturbed primary forest.

Platymantis pseudodorsalis new species

Fig. 3

Holotype.— NMPH 6689, an adult male, collected in upper Dipterocarp forest on Mt. Banahao,

Luzon Island, Philippines by Roy Quiber and Ronnie Rizo on May 29, 1998.

Paratypes.— CAS 201 536, 207455-207459, NMPH 6690, and SUBM 2323, collected between

upper Dipterocarp and lower montane forest (600^1,200 m) on Mt Banahao, Luzon Island, Philip-

pines.

Description of holotype.— A mature male (measurements in mm): SVL 30.7, HL 12.8, HW
13.5, SnL 5.3, ED 4.4, TD 3.0, TiL 1 8.0, 3FL 4.7; snout, head and dorsum smooth; upper eyelid with

few low tubercles; a light vertebral line; upper surface of hind limbs with many tubercles; venter

smooth; four small dark spots in inter-orbital space; skin on back uniformly brownish tan; dorso-lat-

eral area with interrupted, dark stripe; sides of body dark brown; upper surfaces of hind limbs with

dark mottling.

Diagnosis.— Advertisement call distinct (Fig. 5C); large size, based on SVL of males (Table

1 ); TD/SVL 8-1 1% (Table 2); dorsum nearly smooth or with a few, low ridges and tubercles; dorsal

ground color light to medium brown, lighter than upper lateral surface.

Description.— SVL 22.4^31.5 mm for 10 males; HW 39^4% of SVL; snout rounded to

somewhat round pointed; upper jaw moderately protruding; SnL is 16-18% of SVL; eye large, ED
14—1 6% of SVL; tympanum distinct, TD 8-1 1 % of SVL; canthus rounded; lores slightly oblique and

concave; fingers without webs, with small disks and narrow dermal fianges, first finger about as long

or slightly longer than second, both somewhat shorter than fourth, third finger longest, 3FL 1 5 1 7%
ofSVL; subarticular tubercles large, strongly protruding; inner and middle metacarpal tubercles large,

oval; outer small and elongate; one row of supernumerary tubercles; hind limbs long, TiL 54—60%

of SVL; toes with minute webs: first and second toes about to base of tubercle, third about to middle

of basal tubercle, fourth much below basal tubercle, and fifth to mid-point or distal edge of basal

tubercle; disks of toes slightly larger than those of fingers; subarticular tubercles oval, strongly

protruding, inner metatarsal tubercles high, elongate, outer small, round, strongly protruding; plantar

area smooth; snout and head generally smooth; upper eyelids with few to many low tubercles; back

smooth or with a few low, short ridges; upper surfaces of limbs usually with many low tubercles;

throat and belly smooth.

Color.— In life, ground color of dorsum light brown to medium brown, somewhat darker on

the upper lateral surfaces (Fig. 3). Some specimens have a pale vertebral stripe. The hind limbs have

dark transverse bands. There is a pale line on the anterior forearm. The venter has dark blemishes

anteriorly, sometimes forming a network.

In preservative, general color above light brown to brownish tan; head and back lighter than sides

of body; most specimens with a light vertebral line; two or more irregular dark spots in inter-orbital

space, dark spots on head between eyes and nostrils in most specimens; throat, breast and anterior
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Figure 3 Plalvmann's pKcmlodorsalis (NMPH 6689) showing characteristic color and ornamentation.

belly with dark concentrations of pigments, sometimes forming a network; posterior belly generally

immaculate; a light line in all specimens either continuous or broken on the antero-ventral portion of

forearm.

Reproduction.— Nothing is known about this species.

Advertisement Call.— The call of this species sounds like "tsolek-tsolek" (Fig. 5C). Each

note is divided into three parts (pulses). The first and third parts are between 2500 and 3 1 00 to 3200

Hz. The middle part is between 1400 and 2 1 00 Hz. The duration ofeach note is very uniform between

0.12 and 0.13 seconds. The intervals between notes range from about 0.8 to 1.2 seconds.

Etymology.— Species name is based on the similarity of specimens with P. c/orsalis.

Ecological Note.— This species inhabits the forest tloorat elevations of 700 to 1.200 m from

the upper Dipterocarp forest to lower montane forest. It has been observed from January to September,

but calls are generally heard from May to July.

Comparisons.— This species, like P. indeprensus, has been confused with P. dorsalis. It

differs from both P. dorsalis and P. indeprensus in the very different advertiseinent call (Fig. 5C). In

size it is most similar to P. indeprensus (Table 1 ).

Range. — Known only from Mt. Banahao, Quezon Province on Luzon Island.

Platymantis indeprensus new species

Fig. 4

Holotype.— CAS 20 1 1 96, an adult male collected in submontane forest on Mt. Banahao, Luzon

Island at about 1,080 m by A. C. Diesmos, April 20, 1996.

Paratypes.— CAS 201013-201014, 201178-201183, 201185, 207452-207454, SUBN 2325,

NMPH 6685-6686 Mt. Banahao, Luzon Island, Philippines (850-1,300 m in upper Dipterocarp and

montane forest).
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FiGLiRE 4 PhitvmaiUls iiult'prcnsus (CAS 201 1 83) showing characteristic color and ornamentation.

Description of holotype.— An adult male (measurements in mm): SVL 27.0, HL 10.1, HW
1 1.4, TiL 14.4, SnL 4.1, ED 3.8, TD 1.9, 3FL 4.1; snout, upper eyelids, upper lateral surfaces and

limbs with tubercles; dorsum with tubercles and a few short ridges anteriorly; venter relatively

smooth.

Diagnosis.— Advertisement call distinct (Fig. 5D); intermediate size, based on SVL of males

(Table 1 ); TD/SVL 6-9% (Table 2); dorsum with scattered tubercles and low ridges; dorsal ground

color mottled tannish and blackish brown.

Description.— SVL 21.5-27.3 mm for 14 males (females not identified); HW 40-48% and

HL 37-45% of SVL; snout rounded to round pointed; upperjaw moderately protruding; SnL 14—19%

of SVL, eye large, ED 12-16% of SVL; tympanum distinct TD 6-9% of SVL; canthus rounded; lores

only slightly oblique and concave; fingers without webs; disks small with narrow, dermal fianges;

first finger about as long as or slightly longer than second, both somewhat shorter than fourth; 3FL

15—18% of SVL; subarticular tubercles large, strongly protruding, rounded; inner and middle

metacarpal tubercles large, oval; outer moderate, elongate; one row of supernumerary tubercles; hind

limbs long; TiL 55—63% of SVL toes with minute webs: first, second, and third toes about to base of

tubercle on inside, fifth toe to midpoint or beyond basal tubercle; disks of toes slightly larger than

those of fingers; subarticular tubercles oval, strongly protruding; inner metatarsal tubercles high,

elongate, outer small, round, strongly protruding; plantar area smooth; snout, head, and upper eyelids

with numerous, flattish tubercles; dorsum posterior to eyes with scattered tubercles, sometimes

tubercles fused to form a jumbled pattern of short ridges; throat and belly smooth; proximal half of

posterior thighs granular.

Color.— In life, ground color of dorsal and upper lateral surfaces is mottled blackish brown

(Fig. 4). Some specimens have a pale vertebral stripe. The limbs have dark transverse bands. There

are dark blemishes under the head and throat and sometimes a few on the belly.

In preservative, part of interorbital space lighter than the rest of head; dorsum mottled blackish

brown and tannish brown or occasionally with a narrow, pale vertebral stripe; lateral surfaces with
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blotches of grayish brown to grayish tan, mottled brown under head and throat, more cream with or

without scattered brown spots on belly; distinct crossbars on limbs.

Reproduction.— Nothing is known for this species. Females have thus far eluded capture or

identification.

Advertisement Call.— The calls sound like "eyak-eyak." The main part of each note is

between 2500 and 3500 Hz, closing with a series of pulses ranging from 2000 to 4000 Hz. The

duration of each note is between 0.21 and 0.31 seconds. Each series is usually two or three notes at

intervals from about 0.18 to 0.31 seconds (Fig. 5D). The males tend to call while perching on more

exposed spots on the forest floor.

Etymology.— The species name is Latin for "unobserved"" or "undiscovered"" and refers to the

fact that this species was confused with P. dorsalis.

Ecological Note.— The species inhabits the forest floor from upper Dipterocarp to lower

montane forest on Mt. Banahao, Quezon Province, Luzon Island. Males have been observed during

the rainy months from April through August.

Comparisons.— This species from Mt. Banahao has been confused with P. dorsalis. The

distinct advertisement call (Fig. 5D) and intermediate size (Table 1 ) distinguish it from P. dorsalis.

Range.— Known only on Mt. Banahao and Mt. San Cristobal.

Discussion

The dorsalis Group as currently diagnosed includes eleven species from the Philippines and

sixteen from Melanesia, New Guinea, and Palau Islands (Table 3). These species are characterized

by: (1) blunt digits or small, nearly undilated disks, (2) subtending parts of digits narrow, (3)

subarticular tubercles strongly protruding and usually pointed, (4) terminal phlanges pointed not

T-shaped. Pending completion of phylogenetic studies of platymantine frogs, the probable relation-

ships among the species of the dorsalis Group is nothing more than a guess.

The Philippine species {P. corrugatiis. P. dorsalis, P. mimuliis, P. pygmaeus, P. spelaeus, P.

levigatus, P. naomii, P. indeprensiis., P. pseudodorsalis, and P. taylori) are distributed in the Greater

Mindanao, Greater Negros-Panay, Greater Luzon, and Mindoro Island groups. They are differentiated

by their advertisement calls and some morphological characters. They also are separated into

Table 3. Species currently referred to the dorsalis Group of Platymantis.

Species known to occur only on islands outside

of the Philippines

P. acrochordus (Solomon Is.)

P. acuteodach'his (Solomon Is.)

P. akarithymus (Bismarck Is.)

P. hoiilengeri (Bismarck Is.)

P. gilliardi{B'\smarck Is.)

P. macrops (Solomon Is.)

P. niimulus (Bismarck Is.)

P. myersi (Solomon Is.)

P. papiiensis (New Guinea and satellites)

P. parkeri (Solomon Is.)

P. pelewensis (Palau Is.)

P. rhipiphaleus (Bismarck Is.)

P. Schmidt! (Bismarck Is.)

P. sotomoiiis (Solomon Is.)

P. vitianus (Fiji Is.)

P. vve/)en (Solomon Is.)

Species known to occur only in the Philippines

P. cagayanensis (Luzon)

P. corrugatiis (most islands)

P. dorsalis (most islands)

P. indeprensiis (Luzon)

P. levigatus (Tablas and Sibuyan Is.)

P. mimiilus (Luzon)

P. naomii (Luzon)

P. pseudodorsalis (Luzon)

P. pygmaeus (Luzon)

P. spaeleus (Negros)

P. tavlori (Luzon)
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relatively distinct subgroups, based on SVL at maturity (Table 1 ). Very large includes only one

species, Platymantis spelaeus. Large includes six species, P. cagayanensis, P. cornigutus, P. dorsalis,

P. levigatus, P. pseudodorsalis, and P. taylori. Small includes three species, P. mimulus. P. naomli,

and P. pygmaeus.

Platymantis spelaeus does not overlap any of the other species in SVL. There is extensive overlap

in SVL for the six species classified as large, and both range and means of SVL are given for both

males and females for those species represented by sufficiently large samples (Table 1 ). Of the large

species, P. cagayanensis, P. dorsalis, P. pseiidodorsalis, and P. taylori are most similar both in size

and appearance and were first recognized on the basis of distinct advertisement calls. Platymantis

eorrugatiis, however, is readily recognized because of the blunt digital tips and distinctive color

pattern; and P. levigatiis from its very smooth skin and, to some extent, color pattern. Plat}'mantis

indeprensus, although long confused with P. dorsalis, is intermediate in SVL (Table 1 ). The three

species {P. mimulus, P. naomii, and P. pygmaeus) categorized as small do not overlap with other

species in SVL.

Populations of P. dorsalis on Luzon and Negros have similar calls and are considered the same

species. However, recent observations on advertisement calls of some populations in Leyte, Samar,

Mindoro, and western Mindanao indicate that populations in these areas currently referred to P.

dorsalis may belong to separate species. We are conducting field work on these populations and

analyzing calls at the present time.
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Chromodoris trimarginata (Winckworth, 1946) is redescribed on the basis of specimens

from southern India. The reproductive system of this species is illustrated for the first time.

New characters, such as the rhinophores and gill coloration, the width of the w hite marginal

band, and the radular morphology, are provided to distinguish this species from the similar

Chromodoris preciosa (Kelaart, 1858). In addition, two new species of Chromodoris from

southern India are described. Chromodoris mandapametisis sp. nov. is characterized by a

dorsum covered with brown spots, a broken line of bright orange around the mantle

margin, very large branchial leaves, and radular teeth with large denticles. Chromodoris

naiki sp. nov. is a pale gray species with bright orange and purple spots, and a number of

white dots on the dorsum. Internally it lacks rachidian radular teeth, has long cusps in the

mid lateral teeth, and lacks a vestibular gland. The external morphology and anatomy of

these two species is described, and compared to other similar Indo-Pacific species.

The Chromodorididae of India and Sri Lanka (Ceylon) have received little attention compared

to well studied areas in the Indo-Pacific. Few species were described in the classic papers by Alder

and Hancock (1864) and Kelaart (1958; 1859a; 1859b). In the first half of the 20th century, Farran

(1905), Eliot (1906a; 1906b; 1910). O'Donoghue (1932), Winckworth (1945) and White (1948)

described more new species or redescribed those introduced by Kelaart or other authors. More

recently, Narayanan (1969) and Rudman (1973) studied several specimens from India, providing

range extensions and the description of a new species.

The present paper studies three species of the genus Chromodori.s Alder and Hancock, 1 864,

collected by the second author from Mandapam (Tamil Nadu) and Muttom (Kerala), southern India.

The specimens studied are deposited at the Department of Invertebrate Zoology, California Academy

of Sciences, designated by the abbreviation CASIZ.
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SPECIES Descriptions

Chromodoris trimarginata (Winckworth, 1946)

Figs. lA, 2, 3

Glossodoris trimarginata Winckworth, 1946:156-157.

Chromodoris trimarginata (Winckworth): Rudman, 1985:267-268, fig. 16.

Material Examined.— Mandapam, Tamil Nadu, India, May 1998, two specimens 30 mm long, one of

them dissected, collected by E. Mollo (CASIZ 1 15219); March 1999, one specimen 20 mm long, collected by

E. Mollo(CASIZ 115228).

External Morphology.— The body is oval to elongate (Fig. lA). The posterior end of the

foot is not covered by the notum. The living animal is pale gray, with a number of reddish spots

irregularly scattered over the central part of the dorsum. At the extreme edge of the mantle there is a

white, thin band, then a band ofdeep red and on the inside a slightly wider band of yellow. The mantle

glands are situated on the inside of the yellow band and form a wide, opaque white band around the

whole mantle margin. The rhinophore stalks are translucent white; the clubs are cream, and the apexes

opaque white. The perfoliate rhinophores are composed of 20 lamellae. The gill consists of 1

1

unipinnate branchial leaves. The leaves are translucent white with opaque white lamellae.

Anatomy.— The buccal mass is divided evenly into an anterior glandular portion and a

posterior muscular one. At the posterior end of the mass there are a pair of short, elongate salivary

glands. The jaws are composed of a number of elongate, bifid rodlets (Fig. 2D) about 20 ^im in length.

The radular formula is 57 x 53. 1 .53 in one specimen (CASIZ 1 1 52 1 9) examined. The rachidian teeth

are small, triangular plates. The innermost lateral teeth (Fig. 2A) have three to four denticles on the

inner side of the cusp and four to five denticles on the outer side. The remaining lateral teeth (Fig.

2B) are hook-shaped, lack denticles on the inner side of the cusp and have a series of four to six

denticles along the outer edge. The outer laterals (Fig. 2C) are elongate, having five to six denticles

situated at the tip of the teeth.

The reproductive system (Fig. 3) has a short, tubular ampulla that divides into the oviduct and

the prostate. The oviduct is short and enters the female glands near the center ofthe mass. The prostate

is long, tightly coiled with several loops. It narrows and then expands into a long, muscular deferent

duct. The deferent duct is also highly coiled, and opens into a common atrium with the vagina. The

penis is unarmed. Near the exit of the female glands there is a small, saccate vestibular gland. The

vagina is very long, slightly coiled. Near the end of the vagina the uterine duct emerges. It is very

long and convoluted and opens into the female glands. The curved, club-shaped seminal receptacle

and the elongate, thin-walled bursa copulatrix open proximally in the vaginal duct.

Distribution.— Chromodoris trimarginata is only know from India; it was originally de-

scribed from Bombay (Winckworth 1946) and the present record from Mandapam constitutes the

second collection of this species.

Remarks.— Chromodoris trimarginata was described by Winckworth (1946) in the binomen

Glossodoris trimarginata, based on 88 specimens collected from Bombay (India). The living animals

were described as being cream or very pale green with irregular reddish spots scattered over the central

area. At the extreme edge of the mantle there was a white, thin band, then a band of red and on the

Figure 1 . Living animals. A. Chromodoris trimarginata (CASIZ 11521 9); B. Chromodoris mandapamensis sp. nov. (CASIZ

1 15220); C. Chromodoris naiki sp. nov. (CASIZ 1 15221).
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Figure 3. Chromodoris trimarginala (CASIZ 1 15219), reproductive system, scale bar = 1 mm. A. General view; B. Detail

of several dissected organs. Abbreviations: am = ampulla, be = bursa copulatrix, dd = deferent duct, fg = female glands, pr =

prostate, sr = seminal receptacle, ud = uterine duct, v = vagina, vg = vestibular gland.

inside a slightly wider band of yellow. The rhinophores were described as very pale green with white

tips, and the eleven, simply pinnate branchial leaves as white, with the lamellae and rachis opaque

white. Rudman (1985) redescribed this species based on the preserved syntypes deposited at the

Museum of Natural History of London (BMNH 1960725). He transferred this species to the genus

Chromodoris and distinguished it from the similar Chromodoris preciosa (Kelaart, 1858) and

Chromodoris sinensis Rudman, 1985, due to differences in color and radular morphology.

The coloration of our specimen from Mandapam resembles the original description of C.

trimarginala by Winckworth (1946), and the radula is identical to the photographs published by

Rudman (1985) for this species.

The present study confirms the differences in color between C. trimarginala and C preciosa.

The latter has reddish rhinophores and branchial leaves (Kelaart 1858; Rudman 1985), whereas in C.

trimarginala the rhinophores are cream and white and the branchial leaves are white. Also, the

marginal white band of C. preciosa is much wider than that of C. trimarginala. Another important

difference between these two species is in the radular morphology. The radula ofC preciosa, figured

by Rudman (1985, fig. 17), has much shorter innermost lateral teeth than C. trimarginala. Also, in

C. preciosa the innermost teeth have two or three large, acute denticles on the inner side of the main

cusp, whereas in C. trimarginala there are three or four smaller, rounded denticles.

Chromodoris sinensis differs from C. trimarginala in color and radular morphology. The radula

of C sinensis figured by Rudman (1985, fig. 18) has large rachidian teeth, and two or three acute

denticles on the inner side of the innermost lateral teeth. In C. trimarginala, the rachidian teeth are

much smaller and the innermost lateral teeth have three or four rounded denticles on the inner side.

According to Rudman (1985) the external differences between these two species are: (1) the
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translucent white border is much narrower in C. sinensis than in C. thmarginata; (2) the branchial

leaves and rhinophores of C sinensis are edged with red, whereas they are uniformly white in C.

tnmarginata\, and (3) the dorsal spots of C. sinensis are regular minute orange-brown spots, instead

ofthe irregular reddish spots of C. trimarginata. The study of our living specimens of C. trimarginata

confirmed all these differences, except for the white band, that is also very narrow in C trimarginata.

The reproductive system of C. trimarginata, here studied for the first time, has a vestibular gland that

is absent in C sinensis (see Rudman 1985). In addition, the uterine duct and the seminal receptacle

of C. trimarginata connect to the vaginal duct near the bursa copulatrix, whereas in C. sinensis they

connect in the middle of the vagina (Rudman 1985, fig. 15C).

Chromodoris mandapamensis sp. nov.

Figs. IB, 4, 5

Material Examined.— Holotype: Mandapam. Tamil Nadu, India. March 1999. 50 mm long, collected

by E. MoUo (CASIZ 1 15229). Paratypes: Mandapam. Tamil Nadu, India. May 1998. two specimens 30 mm
long, one of them dissected, collected by E. MoUo (CASIZ 1 15220).

Twenty six additional specimens collected in March 1999 from Mandapam (Tamil Nadu, India) and one

specimen collected in May 1998 from Muttom (Kerala, India), were used for chemical studies.

External Morphology.— The body is elongate (Fig. 1 B). The posterior end of the notum is

very elongate and covers the foot. The living animal is cream to pale gray. The entire dorsum is densely

covered with numerous, rounded, dark brown spots. These spots appear to be diffuse in the mantle

edge. A broken line of bright orange spots edges the mantle margin. There are several, ramified,

subepidermical mantle glands around the mantle margin (Fig. 5A). The rhinophore stalks are cream

with several dark brown spots. The clubs are brown, with white edged lamellae. The apexes are reddish

with white tips. The perfoliate rhinophores are composed of 17 lamellae. The gill consists of seven

large, bipinnate branchial leaves. The leaves are pale brown with numerous, small opaque white dots

scattered all over the surface, and large brown spots near the base of the leaves.

Anatomy.— The buccal mass is divided evenly into an anterior glandular portion and a

posterior muscular one. At the posterior end of the mass there are a pair of long salivary glands. The

jaws are composed of a number of elongate, bifid rodlets (Fig. 4D) about 1 5 pm in length. The radular

formula is 67 x 53.0.53 in one specimen (CASIZ 1 1 5220) examined. Rachidian teeth are absent. The

innermost lateral teeth (Fig. 4A) have two denticles on the inner side of the cusp and three denticles

on the outer side. The remaining lateral teeth (Fig. 4B) are hook-shaped, lack denticles on the inner

side of the cusp, and have a series of four to six denticles along the outer edge. The outer laterals (Fig.

4C) are elongate with four to seven denticles situated on the tips of the teeth.

The reproductive system (Fig. 5B, C) has a long, tubular ampulla that divides into the oviduct

and the prostate. The oviduct is short and enters the female glands near the center of the mass. The

prostate is long, tightly coiled with several loops. It narrows and then expands into the muscular

deferent duct, which is bulbous distally. The deferent duct is very short and wide, and opens into a

common atrium with the vagina. The penis is unarmed. The vagina is short and slightly coiled. The

uterine duct emerges near the end of the vagina. The uterine duct is long and opens into the female

glands. More proximally there are the curved, club-shaped seminal receptacle and the rounded,

thin-walled bursa copulatrix.

Etymology.— The name is derived from Mandapam, the type locality of this species.

Distribution.— So far, this species is only known from Mandapam (Tamil Nadu) and Muttom

(Kerala), southern India.

Remarks.— Chromodoris mandapamensis is externally different from other species of Chro-

modoris previously described.
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Figure 5. Chromodoris mandapamensis sp. nov. (CASIZ 1 15220). A. Disposition of the mantle glands, scale bar = 1 mm;
B. General view of the reproductive system, scale bar = 1 mm; C. Detail of several dissected organs, scale bar = 1 mm.
Abbreviations: am = ampulla, be = bursa copulatrix, dd = deferent duct, fg = female glands, pr = prostate, sr = seminal recep-

tacle, ud = uterine duct, v = vagina.

Kelaart ( 1 859b) described Doris humberti as a white species with purple and brown spots on the

dorsum; white mantle margin with a row ofbright red spots, red rhinophores and gill with white spots,

nine small branchial leaves irregularly pinnated. This species is clearly distinguishable from C.

mandapamensis, which has seven very large, brown branchial leaves and dark brown rhinophores.

O'Donoghue (1932) redescribed D. humberti based on newly collected material from southern India

and transferred it to the genus Glossodoris Ehrenberg, 1831. O'Donoghue's paper includes a

description of the radula that is elongate, with a formula of 74 x 46.0.46, and has innermost lateral

teeth with a single, large denticle on the inner side, and two on the outer side. This is very different

from C mandapamensis, which has a formula of 67 x 53.0.53 and the innermost lateral teeth have

two denticles on the inner side and three on the outer side.

Two other Indo-Pacific species of Chromodoris with a similar coloration to C. mandapamensis

are Chromodoris lineolata (van Hasselt, 1 824) and Chromodoris striatella Bergh, 1 876, redescribed

by Rudman ( 1 982) and Rudman and Darvell ( 1 990). These latter two species have a white background

color with numerous brown or black lines, and an orange mantle margin. They are clearly distinguish-

able from C. mandapamensis, which has dorsal spots instead of lines.

Chromodoris naiki sp. nov.

Figs. IC, 6, 7

Material Examined.— Holotype: Mandapam, Tamil Nadu, India, May 1998, one specimen 13 mm
preserved length, dissected, collected by E. Mollo (CASIZ 1 15221).

External Morphology.— The body is oval (Fig. IC). The notum covers the posterior end of

the foot. The living animal is pale gray-brown, with a pale blue band at the edge of the notum. Along

the margin and in the central part of the dorsum, there are scattered large spots of dark purple.

Immediately inside the area of outer purple spots there is an area ofreflective yellow or orange-yellow

mantle glands. There are also yellow or orange-yellow mantle glands (Fig. 6A) associated with the

dark purple spots in the center of the dorsum. Numerous, small opaque white spots are scattered all
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Figure 6. Chromodohs naiki sp. nov. (CASIZ 1 15221). A. Disposition of the mantle glands, scale bar = I mm; B. General

view of the reproductive system, scale bar - 1 mm. Abbreviations: am = ampulla, be - bursa copulatrix, dd = deferent duct,

fg = female glands, pr = prostate, sr = seminal receptacle, ud = uterine duct, v = vagina.

over the central part of the dorsum. The rhinophore clubs and gill are gray-brown. The bases of the

rhinophores are translucent gray. There are numerous small opaque white spots arranged in distinct

rows along the edges of the rhinophoral lamellae and gill pinnae. The gill consists of six unipinnate

branchial leaves. The perfoliate rhinophores are composed of 20 lamellae.

Anatomy.— The buccal mass is divided evenly into an anterior glandular portion and a

posterior muscular one. At the posterior end of the mass there are a pair of large, elongate salivary

glands. The jaws are composed of a number of elongate, bifid rodlets (Fig. 7E) about 1 5 ^m in length.

The radular formula is 38 x 41.0.41 in the holotype (CASIZ 115221). Rachidian teeth are absent. The

innermost lateral teeth (Fig. 7A, B) have one large denticle on the inner side of the cusp and three to

four denticles on the outer side. The remaining lateral teeth (Fig. 7C) are hook-shaped, lack denticles

on the inner side of the cusp and have a series of six to seven denticles along the outer edge. The outer

laterals (Fig. 7D) are elongate with six to seven denticles situated on the tips of the teeth.

The reproductive system (Fig. 6B) has an elongate and tubular ampulla that divides into the

oviduct and the prostate. The oviduct is very short and enters the female glands near the center of the

mass. The prostate is long, tightly coiled with several loops. It narrows into the muscular deferent

duct. The deferent duct is also very long and coiled, and opens into a common atrium with the vagina.

The penis is unarmed. The vagina is short and wide, slightly coiled. Near the end of the vagina the

uterine duct emerges. It is short and convoluted and opens into the female glands. More proximally

are the tightly coiled, digitiform seminal receptacle and the rounded, thin-walled bursa copulatrix.

Etymology.— The species is named after Dr. Chandrakant G. Naik, National Institute of

Oceanography, Goa, India, for his support during the field work.

Distribution.— So far, this species is only known from Mandapam, southern India.
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Figure 7. CIvomndoris naiki sp. nov. (CASIZ 1 15221), scanning electron micrographs. A. Inner lateral teeth, scale bar =
20 nm; B. Inner lateral teeth, scale bar == 15 urn; C. Lateral teeth from the central portion of the half-row, scale bar = 25 urn;
D. Outer lateral teeth, scale bar = 25 urn; E. Jaw rodlets, scale bar = 20 ).im.

Remarks.— Chromodoris naiki is externally very similar to Chromodoris kitae Gosliner, 1 994,
described from Madagascar. However, there are several external and internal differences that clearly

separate these two species. In C. kitae the yellow glands are only present in the mantle margin (see

Gosliner 1994), whereas in C. naiki they are also in the center of the dorsum, associated with the

purple spots. In addition, C. naiki has a number of small white spots in the center of the dorsum that
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are absent in C. kitae. The number of branchial leaves is also different between them: C kitae has

eight whereas C naiki has six.

Internally these two species differ in their radular morphology. Whereas C. kitae has rachidian

teeth, they are absent in C. naiki. Also, the innermost lateral teeth of C. kitae have one or two small

denticles on the inner side, clearly separated from the main cusp, whereas in C naiki there is only

one, large denticle situated next to the main cusp. On the outer side of the cusp, C kitae has two to

three denticles instead of three to four in C. naiki. The mid lateral teeth ofC naiki have a much longer

cusp than those of C. kitae. The reproductive system ofC kitae differs from that of C. naiki in having

a vestibular gland and a short, stalked seminal receptacle.
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Acanthiiriis reversiis^ a New Species of Surgeonfish

(Perciformes: Acanthuridae) from the Marquesas Islands

by

John E. Randall and John L. Earle

Bishop Museum, 1525 Bernice St.,

Honolulu. Hawaii 96S 1 7-2704

Acanthunis reversus is described as a new acanthurid fish from five specimens from the

Marquesas Islands. It is most similar to Acanthurus oUvaceus of the central and western

Pacific, differing principally in color. The caudal fin is pale yellow instead of gray-brown

with small dark spots, and it has a black crescent posteriorly instead of a dark-edged white

crescent; there is a broad, deep blue, longitudinal band in the humeral region with an

elongate orange spot centered anteriorly, not reaching more than halfway back within the

deep blue band (in A. oUvaceus orange band is broader and extends nearly to the end of

the blue band). Like A. oUvaceus the young are bright yellow. Acanthurus reversus also

differs in having longer dorsal spines (longest spine 15.2-16.3% SL, compared to

12.0-14.5% in A. oUvaceus and the caudal spine is shorter on the average (7.7—10.8% SL,

compared to 9.8—1 1.5% in A. oUvaceus).

While snorkeling in Takaroa Atoll in the northern Tuamotu Islands in November 1956 one of us

(J. E. R.) speared a surgeonfish, 175 mm standard length (measured fresh). It was much like the

wide-ranging .4(:(7/?//?//r//,v oUvaceus. but there was only a small elongate orange spot anteriorly within

the broad, deep blue band of the shoulder region, and the color of the caudal fin was very different,

pale yellow without dark spots, and with a black crescent posteriorly in the fin instead of a white one.

Typical A. oUvaceus was common at the atoll, and the odd-colored fish was swimming with several

individuals of this species. Four of the A. oUvaceus specimens were speared from the area and

compared with the atypical specimen. No morphological differences were found, but two of the four

specimens of A. oUvaceus had a narrower humeral orange band that was diffuse posteriorly; their

caudal coloration, however, was typical of.^. oUvaceus. Due to limited formalin, only the odd-colored

specimen was preserved. It was deposited in the U. S. National Museum of Natural History as USNM
1 698 1 ; the standard length is now 1 68 mm.

In July, 1957 J. E. R. sailed his 10-m ketch Nani from Tahiti through the Marquesas Islands.

There he found the odd-colored surgeonfish to be abundant, but no typical A. oUvaceus were observed.

One specimen of the Marquesas Is. form, 196 mm SL, was speared at Anaho Bay, Nuku Hiva and

deposited in the Stanford Natural History Museum. Unfortunately, this specimen could not be found

in the collection of the California Academy of Sciences where the Stanford University fish collection

is now housed.

It was concluded that the one fish at Takaroa was a Marquesan form that was transported as a

larva from the Marquesas Is. in the prevailing current. Randall ( 1 960) discussed the Marquesan

variant and indicated that it should be regarded as a subspecies of .4. oUvaceus. He declined to name

it and indicated that additional specimens should be procured from both the Marquesas Is. and

Tuamotu Archipelago.
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In 1971 J. E. R. and colleagues visited the Marquesas Is. on the 30-m schooner Wcstwarc/ and

collected fishes for a month at ail the major islands of the archipelago. An adult and a juvenile of the

Marquesan form ofA. olivaceus were collected. An additional adult specimen was later obtained from

the Honolulu Laboratory of the National Marine Fisheries Service. When these were compared with

typical A. olivaceus, no meristic differences and no obvious morphological differences were noted.

In a checklist of the fishes of French Polynesia, Randall (1985a) listed the Marquesan specimens as

A. olivaceus.

In October, 1998, the authors spent eight days on a dive cruise at the northern Marquesan islands

of Nuku Hiva and Eiao, mainly for underwater photography. Seeing the Marquesan color form of .4.

olivaceus again, and knowing how consistently colored the typical A. olivaceus is throughout the rest

of the Pacific (Fig. I ), led us to make a more careful comparison of Marquesan specimens with typical

A. olivaceus of similar size. We now find that the dorsal spines of the Marquesan form are longer,

and the caudal spine shorter on the average. Coupled with the marked color differences, we conclude

that the Marquesan form should be regarded as a distinct species. It seems likely that an occasional

individual of this Marquesan surgeonflsh drifts to the northern Tuamotu Archipelago as a larva and

ultimately interbreeds there with A. olivaceus. Hybrids of closely related species of fishes may occur

when one is rare and the other abundant. Such is the case with A. achilles and A. nigricans [=A.

glaucopareius] at the island of Hawaii where A. achilles is common and A. nigricans is rarely seen

(Randall 1985b).

Materials and Methods

Type specimens of the new species are deposited in the Bemice P. Bishop Museum, Honolulu

(BPBM); California Academy of Sciences, San Francisco (CAS); Museum National d'Histoire

Naturelle, Paris (MNHN); and the U. S. National Museum of Natural History, Washington, D. C.

(USNM).
Lengths of specimens are given as standard length (SL), which is measured from the median

anterior end of the upper lip to the caudal-fm base (posterior end of hypural plate); head length is

taken from the same anterior point to the posterior end of the opercular flap; body depth is the greatest

depth from the base of the dorsal spines to the ventral margin of the abdomen (correcting for any

obvious malformation of preservation); body width is measured just posterior to the gill opening;

orbit diameter is the greatest fleshy diameter, and interorbital width the least bony width; upper-jaw

length is taken from the front of the upper lip to the posterior end of the maxilla; caudal-peduncle

depth is the least depth, and caudal-peduncle length the horizontal distance between verticals at the

rear base of the anal fm and the caudal-fm base; lengths of fm spines and rays of the median fms are

measured from their extreme bases; caudal concavity is the horizontal distance betw-een verticals at

the tips of the longest and shortest caudal-fm rays; pectoral-fin length is the length of the longest ray;

pelvic-fm length is measured from the base of the pelvic spine to the tip of the longest soft ray.

Pectoral-ray counts include the upper rudimentary ray. Counts of gill-rakers were made on both the

anterolateral and posteromedial side of the first gill arch (here termed anterior and posterior); the

counts include all rudiments.

Data in parentheses in the description refer to paratypes. Table 1 presents 26 measurements as

percentages of the standard length. Ratios of proportional measurements in the text are rounded to

the nearest 0.05.
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FkiLRE 1. Adult of Acanlluirii.s olivuceiis. about 240 mm TL, Kona. Hawaii.

Species Description

Acanthuriis reversus n. sp.

Figs. 2-6

Material Examined.— Holotype: BPBM 1 2474, 209 mm. female, Marquesas Islands, Nuku

Hiva, offpointat SendofMarquisienne Bay. 15 m. spear, J. E. Randall, 10 May 1971. Paratypes:

USNM 169871, 168 mm male, Tuamotu Archipelago, Takaroa Atoll, outer reef slope, E side of

entrance to pass, spear, J. E. Randall, 1 6 November 1 956; CAS 204429, 2 1 mm, female, Marquesas

Islands, Tahuata, Hana Hevane Bay, rotenone, Charles H. Gilbert Cruise 54, J. Manguson, 1 6 October

1 96 1 ; MNHN 1 999-60, 2 1 6 mm, male, Marquesas Islands, Ua Huka, small bay 0.4 miles NE of Motu

Takatai, 6 m, spear, J. E. Randall, 7 May 1971; BPBM 12441, 36 mm, same locality as preceding,

4.5-9 m, rotenone, J. E. Randall, J. R. Haywood, and R. M. McNair, 7 May 1971.

Diagnosis.— Dorsal rays IX,24—25; anal rays 111,23-24; pectoral rays 16-17; anterior gill

rakers 22-28; posterior gill rakers 2 1-27; body depth 2. 1-2.2 in SL; head length 3.5-3.65 in SL; ninth

dorsal spine 1.7(1.8-1.85) in head length; caudal spine 2.3-2.65 in head length; caudal fm strongly

lunate in adults, the caudal concavity 3.35^.7 in SL; color in life brown, the posterior half of body

sometimes abruptly paler, with an elongate orange spot extending posteriorly from upper end of gill

opening, the posterior half enclosed by a broad, deep blue band that extends beyond tip of pectoral

fm; dorsal and anal fms with a faint orange line at base, the soft portion of the dorsal with three dark

longitudinal bands on outer one-half of fin, the anal fm with a narrow blue margin; caudal fm pale

yellow with a broad black posterior border that narrows as it extends onto elongate lobes of fm; outer

one-third of pectoral f ns abruptly white; juveniles bright yellow with blue margins on dorsal and anal

fms.
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FiCii'RR 2. Holotype of Acan/hiinis rcversus 209 mm SL, Niiku Hiva, Marquesas Is.

Description.— Dorsal rays IX,25(24), the first 3 soft rays unbranched; anal rays 23(23-24),

the first 2 soft rays unbranched; pectoral rays 16(16-17), the upper 2 and lowermost unbranched;

pelvic rays 1,5; principal caudal rays 1 6, the outermost unbranched; upper and lower procurrent caudal

rays 7; scales small, 157 in longitudinal series from upper end of gill opening to caudal-tui base of

holotype; anterior gill rakers 22(22-28); posterior gill rakers 24(21-27).

Body deep, the depth 2.15(2.1-2.2) times into SL, and compressed, the width 3.0(2.55-3.15) in

depth; head length 3.65(3.5-3.6) in SL; dorsal profile of head strongly convex; snout length

4.9(4.75^.8) in SL; orbit diameter 4.65(3.75^.3) in head length; interorbital strongly convex, the

least width 3.25(3.0-3.2) in head length; caudal-peduncle depth 2.6(2.6-2.7) in head length.

Mouth small, the gape slightly oblique, the upper jaw length 4.1(3.6-4.1) in head length; teeth

uniserial in jaws, incisiform, spatulate with denticulate edges, and close-set; holotype with 20 upper

and 18 lower teeth; (36-mm juvenile paratype with 12 upper and 14 lower teeth; 169-mm paratype

with 16 upper and lower teeth; 216-mm paratype with 19 upper and 20 lower teeth).

Scales on body coarsely ctenoid, the cteni on posterior edge of scales in middle of body 1 to 18;

scales on head embedded; lateral line obscure, approximately following dorsal contour of body and

ending at front of caudal-spine socket; a finely-scaled fleshy sheath at base of dorsal and anal fins;

very small scales extending about one-third distance out on membranes of posterior one-halfof dorsal

and anal tins; extremely small scales extending out on caudal fin more than three-fourths distance to

outer margin; pectoral fins with extremely small, embedded scales extending about three-fourths

distance to outer margin; lateral surface of pelvic fins with a narrow column of tiny scales on first

soft ray and membrane about one-half distance to tip of fin, the medial edge with a narrow band of

extremely small scales on each membrane extending about one-half distance to posterior edge of fin.

A deep groove extending anteriorly and slightly ventrally from lower edge of orbit, its length

about three-fourths orbit diameter; anterior nostril small, centered above groove anterior to eye, with

a membranous rim and rounded posterior flap which completely covers nostril aperture when folded

forward, and just reaches slit of posterior nostril when folded back.

Dorsal-Hn origin above upper end of gill opening, the predorsal length 2.55(2.6-2.7) times into

SL; first dorsal spine about one-half length of second spine; second dorsal spine 2.5(2.45-2.5) in head

length; ninth dorsal spine longest, 1.7(1.8-1.85) in head length; first dorsal soft ray longest.
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Fku'RE 3. Adult of Acaiuluinis reversiis about 240 mm TL. Eiao, Marquesas is.

FlOLRF 4. Group of adult Acanilntnis rcvcrsiis feeding. Eiao. Marquesas Is.
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1.6(1.65-1.7) in head length; anal-fin origin below base of seventh dorsal spine, the preanal length

2.0(2.0-2.05) in SL; first anal spine very short; second anal spine 2.85(2.55-2.8) in head length; third

anal spine 2.4(2.2-2.45) in head length; middle anal soft rays longest, 1.75(1.7-1.75) in head length;

caudal fin of adults long, the fin length 2.65(2.05—2.4) in SL, and extremely lunate, the caudal

concavity 4.35(3.35-4.7) in SL; third and fourth pectoral rays longest, 3.9(3.6-3.7) in SL; pelvic tins

reaching anal-fm origin, the first ray longest, 4.8(4.45-^.65) in SL; caudal spine 2.35(2.3-2.65) in

head length.

Color of holotype in alcohol dark brown with a horizontally elongate, ellipsoidal, pale orangish

spot extending posteriorly from upper end of gill opening, its length 1.5 times orbit diameter, this

spot contained within a dark brown band a little broader than orbit diameter, extending slightly beyond

tip of pectoral fin; caudal fin lighter brown than body, with a black posterior margin that is one-half

orbit diameter in width centrally, but narrows to a black line on the prolonged caudal lobes; upper

and lower edges of caudal fin narrowly black; dorsal, anal, and pelvic fins dark brown, the outer part

of soft portion of dorsal with three faint longitudinal darker brown bands; pectoral fins dark brown,

the outer one-third abruptly whitish except second ray brown to tip.

The color of the holotype when fresh is shown in Figure 2. Note that the dark brown humeral

band as seen on preserved specimens is deep blue with a black edge in life, and only the black edge

continues around the front of the orange spot. In life (Figs. 3, 4), the caudal fin of adults is pale yellow,

contrasting sharply with the black posterior crescent of the fin, and the blue margin of the anal fin is

more evident.

The bright yellow juvenile of Figure 4 was estimated to be 45 mm total length; note the truncate

caudal fin. Figure 5 shows two subadults estimated to have been 90 mm total length; their caudal fins

are more yellow than that of adults, but not as yellow as the color of the juvenile.

Etymology.— This species is named Acanthurus reversus from the Latin with the same

meaning as English, in reference to the reversal of the color pattern of the caudal fin compared to that

of its close relative, A. oUvaceus.

Remarks.— Acanthurus reversus is endemic to the Marquesas Islands, and the one specimen

collected at Takaroa in the northern Tuamotu Archipelago is regarded as a stray from the Marquesas.

The species is common inshore at all the islands of the Marquesas, but it has a different native

Marquesan name at each of the major islands (Lavondes and Randall 1978).

Acanthurus olivaceus Forster in Bloch and Schneider, 1801, type locality, Tahiti, is clearly its

closest relative. This surgeonfish remains unknown from the Marquesas, but it is common throughout

the rest of the central and western Pacific and ranges into the eastern Indian Ocean to western

Australia, Christmas Island, and Cocos (Keeling) Islands; in the western Pacific it extends from

southern Japan to New South Wales. It appears to be replaced in the western Indian Ocean by

Acanthurus tennenti Gunther (Randall, 1956).

As noted above, the Marquesan surgeonfish was first considered to be only a color variant o^ A.

olivaceus and subspecific status was suggested. The most obvious color differences are the reduced

size of the orange part of the humeral band in the Marquesan fish and its having a pale yellow caudal

fin with a black posterior crescent instead of a gray-brown fin with small dark brown spots and a

black-edged white posterior crescent. When four adults of A. reversus were recently compared with

1 1 adults oi A. olivaceus of about the same size from the collections of the Bishop Museum and

California Academy of Sciences (specimens listed below), no meristic differences were detected, but

the dorsal spines of /}. reversus were noted to be longer, and the caudal spine shorter. No overlap was

found in the measurements of the longest (ninth) dorsal spine, 15.2-16.3% SL for A. reversus

compared to 12.0-14.5% for A. olivaceus specimen. Two of the 1 1 specimens of A. olivaceus have

shorter caudal spines than the A. reversus specimen with the longest spine. The caudal spine of the

four/;!, revermv specimens are 7. 7-1 0.8% SL(JC = 9.4 ), compared to 9.8-1 1.5% (J = 11.0) for the

eleven A. olivaceus specimens.
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FkiL'RF. 5. Juvenile of Acanrhurus reversiis about 45 mm TL, Nuku Hiva. Marquesas Is.

Fkilre 6. Subadults of Acanthurus rcrersus about 90 mm TL, Eiao, Marquesas Is.
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Table 1. Proportional measurements of type specimens of Acantliunis reversiis expressed as percent of

standard length (% SL).
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Three species of Justicia are newly described as J. chimalapensis, J. novogaliciaiKU and ./.

wendtii. All are endemic to Mexico. Macromorphological and palynoiogical aspects of these

species are considered in an attempt to elucidate the subgeneric affinities of each. The new
name, J. isthmensis, is proposed for the Panamanian species originally described as

Chaetochlamys panamensis. The geographic distribution of J. candeluriae is extended into

Panama.

Justicia L. is the largest genus of Acanthaceae with estimates of up to 600 species worldwide.

Numerous genera in which Neotropical species have been treated are now included within an

expanded circumscription ofJusticia (Graham 1988; Daniel 1990, 1995a); these include Beloperone

Nees, Chaetothylax Nees, Chaetochlamys Lindau, Ixtlania M. E. Jones, Jacohinia Nees, Nenhallia

Hemsl., Siphonoglossa Oerst., and Tabascina Baill. Additional Neotropical genera that are currently

recognized, but insufficiently studied, will likely be added to this growing list.

Graham (1988) presented the most recent and comprehensive infrageneric classification of

Justicia to date. Although her treatment, based on and encompassing 295 species, provides a useful

starting point for additional work on the genus, numerous Neotropical species cannot be classified in

any of the subgeneric taxa recognized (e.g., Daniel 1990. 1993b, 1995a, 1998; Durkee and McDade
1996). Additional systematic studies ofJusticia and its allies are greatly needed.

Seventy-eight species ofJusticia are known from Mexico (Daniel 1 993a) and approximately 1 00

species are known from the Mesoamerican region (Durkee and Daniel, unpublished). Numerous

collections from Mexico and Central America do not correspond to any of these species and many of

them undoubtedly represent undescribed taxa. Several of these are described below and, where

possible, their subgeneric affiliations are noted. In addition, a new name is proposed for a species

previously treated in Chaetochlamys and the distributional range of J. candelariae is expanded to

Panama.

New Species Descriptions

Justicia wendtii T. F. Daniel, sp. nov.

Fig. 1

Type.— MEXICO. Veracruz: Mpio. Minatitlan, 13.7 km E de La Laguna, sobre terraceria a

Uxpanapa. luego 7.2 km N sobre camino nuevo a Belisario Dominguez, 1 30 m, lat. 1 7°20.5'N, long.

94°23'W. 21 March 1981, T. IVcndt, A. Villalobos C, and I. Navarrete 3031 (holotype: CAS!;

isotypes: CAS!, CHAPA, MEXU, TEX).
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Herbae perennes usque ad 7 dm altae. Folia petiolata, laminae ovato-ellipticae vel ellipticae,

60-120 mm longae, 24-51 mm latae, 2-3-plo longiores quam latiores. Inflorescentia floribus in

spicas (vel paniculas spicarum) terminales vel axillares; dichasia subopposita vel altema, sessilia,

uniflora. Bracteae aliquando ± heteromorphae, obovatae vel oblanceolatae vel lineari-ellipticae,

3.3-8.5 mm longae, 1—2.5 mm latae, pagina abaxialis pubescens trichomatibus eglandulosis et

glandulosis. Flores sessiles. Calyx 5-lobus, 3^.5 mm longus, lobis subaequalibus vel inaequalibus.

Corolla viridi-alba labio inferno purpureo-notato, 7-8.5 mm longa, extus pubescens trichomatibus

glandulosis (aliquando sparsis) et eglandulosis. Stamina thecis 0.8-1 .2 mm longis, impariter insertis,

theca infema basi calcarata. Capsula 7-8 mm longa, pubescens trichomatibus eglandulosis et glan-

dulosis.

Erect to decumbent perennial herbs to 7 dm tall. Young stems subterete to subquadrate, pubescent

with retrorsely appressed eglandular trichomes 0.2-0.4 mm long, trichomes ± evenly disposed or

concentrated in 2 lines. Leaves petiolate, petioles to 35 mm long, blades ovate-elliptic to elliptic,

60-1 20 mm long, 24—5 1 mm wide, 2.0-3.0 times longer than wide, acute to acuminate at apex, acute

to subattenuate at base, adaxial surface glabrous, abaxial surface pubescent along major veins with

antrorse to antrorsely appressed eglandular trichomes to 0.3 mm long, margin entire to subsinuate.

Inflorescence of axillary and terminal pedunculate dichasiate spikes (or panicles of spikes) to 85 mm
long (including peduncles and excluding flowers), spikes 6-9 mm in diameter (excluding flowers)

near midpoint of fertile portion, spikes and/or panicles near shoot apex sometimes subtended by

greatly reduced leaves and collectively forming an open terminal compound panicle, axillary spikes

(or panicles of spikes) alternate to opposite, 1 per axil, peduncles to 40 mm long, pubescent with

flexuose to retrorse eglandular trichomes to 0.4 mm long, rachis of panicles (if present) pubescent

like peduncles, rachis of spikes evenly pubescent with erect to flexuose (and sometimes with some

appressed trichomes near base of rachis) eglandular and glandular trichomes 0.05-0.2 mm long;

dichasia subopposite to alternate, I -flowered, 1 per axil, sessile. Bracts subopposite to alternate,

sometimes somewhat heteromorphic (i.e., sterile bracts sometimes somewhat smaller than fertile

bracts), obovate to oblanceolate, 3.3-8.5 mm long, 1-2.5 mm wide, acute to rounded at apex, abaxial

surface pubescent like rachis of spike, margin ciliate with trichomes like those of abaxial surface and

with scattered flexuose eglandular trichomes to 0.3 mm long as well. Bracteoles obovate to oblanceo-

late to linear-elliptic, 2.7-7.3 mm long, 0.7-1.2 mm wide, pubescent like bracts. Flowers sessile.

Calyx 5-lobed, 3-4.5 mm long, lobes lance-subulate, subequal to unequal, 2.6-4 mm long, 0.4—0.6

mm wide, abaxially pubescent like bracts. Corolla greenish cream with purplish markings on lower

lip, 7-8.5 mm long, externally pubescent with eglandular and glandular (sometimes sparse) trichomes

0.05-0. 1 mm long, tube cylindric, 4-4.8 mm long, 1 .5-1 .7 mm in diameter near midpoint, upper lip

2.5-4 mm long, emarginate, lobes 0.2-0.4 mm long, lower lip 3.5-4.5 mm long, lobes 1-1.7 mm
long, 0.7-2 mm wide. Stamens inserted near apex of corolla tube, 3.3-3.4 mm long, filaments

glabrous, thecae 0.8-1 .2 mm long (including basal appendage), unequal, parallel, unequally inserted

(overlapping by up to 0.2 mm), dorsally pubescent (especially upper theca) with eglandular trichomes,

lower theca with a prominent basal appendage 0.3-0.4 mm long; pollen 3-aperturate, 6-pseudocolpate

(i.e., apertures flanked on each side by both a continuous band of exine and a pseudocolpus), exine

reticulate. Style 4.5-5.5 mm long, sparsely pubescent with antrorse eglandular trichomes, stigma

0.1-0.2 mm long, only one lobe evident. Capsule 7-8 mm long, externally pubescent with erect

glandular and erect to flexuose to retrorse eglandular trichomes 0.05-0. 1 mm long, stipe 2.6-3.5 mm
long, head subspheric to subellipsoid, 4--4.8 mm long. Seeds 4, lenticular, 1 .9-2.3 mm long, 1 .7-2.2

mm wide, surfaces minutely rugose and sparsely pubescent with apically branched eglandular

trichomes 0.05-0.1 mm long, margin entire, conspicuously ciliate with apically branched trichomes.
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FiGURK 1. Ju.sticia wciultii. a. habit {H'endt el al. 3031): b. inflorescence nodes (Weudt ei al. 3031): c. corolla opened

lengthwise showing stamens ( Wendt and Hernandez 6727): d. apex of stamen with bithecous anther ( Wendt and Hernandez

6727): e. apex of style and stigma ( Wendt and Hernandez 6727): f capsule ( Vazquez T. et al. V-2413): g. seed ( Vazquez T. et

al. V-2413): h. seminal surface ( Vazquez T. et al. V-2413). Scale: a, bar =
1 5 mm: b, bar = 2. 1 mm: c. bar = 1 .6 mm: d, bar =

0.57 mm: e. bar = 0.5 mm: f, bar = 2 mm: g, bar = 0.7 mm: h. bar = 0.37 mm. Drawn by Jenny Speckels.
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Phenology.— Flowering and fruiting: March April.

Distribution and Habitat.— Southeastern Mexico (Veracruz, Fig. 2); plants occur on highly

karsted limestone in lowland rain forests at elevations from 120-130 m.

Paratypes.— MEXICO. Veracruz: Mpio. Jesiis Carranza, 2 km N del Poblado 2, Ejido F. J.

Mina, 17°16'N, 94°40'W, M. Vazquez T. et al. V-2413 (CAS, LL); Mpio. Minatitlan, 13.7 km E of

La Laguna toward Uxpanapa, then 6.5-7.2 km N toward Belisario Dominguez, 17°19'N, 94°24'W,

T. Wendt and H. Hernandez G. 6727 (CAS), 5606 (CAS, TEX).

Based on the infrageneric classification ofGraham ( 1 988), this species "keys" closest to sections

Sarotheca and Plagiacanthus. Although Justicia wendtii shares some characteristics (e.g., glandular

inflorescence) with the former and other characteristics (e.g., calyx lobes more or less equal and

strongly compressed seeds) with the latter, it differs from both of these sections in several features,

including its 3-aperturate pollen (i.e., Graham's "Type I"; Fig 3). Graham (1988) found "Type 1"

pollen only in sections Betonica and Rhaphidosponu both of which are restricted to the Old World,

and in one Neotropical species (J. alaiuii Steam) of section Drejerella. Thus, the subgeneric affinities

of J. wendtii are ambiguous.

A collection from cloud forest habitat on granitic substrate at an elevation between 1 150 and

1250 meters in this same general region of Mexico {Wendt et al. 6803 from the Sierra de Tres Picos

in adjacent Oaxaca) resembles J. wendtii in most characteristics (e.g., habit, inflorescence, stamens,

and pollen). In addition to the contrasting ecological parameters noted, this collection differs from J.

wendtii most notably by its somewhat longer calyx (4.5—6 mm long) that lacks glandular trichomes

on the lobes, longer corolla (9-12 mm long), capsular pubescence (with the glandular trichomes

inconspicuous and sessile vs. conspicuous and stipitate in J. wendtii), and seed surface ornamentation

(minutely pitted, the margin with a few inconspicuous trichomes less than 0.05 mm long that lack

apical branching). Only a few capsules and seeds of this collection were available for study. Study of

additional plants from this region might help to clarify whether Wendt et al. 6803 should be recognized

as a distinct taxon or included within J. wendtii.

The species is named in honor of Tom Wendt, botanical explorer in southeastern Mexico and

collector of this and other unusual Acanthaceae.

Justicia chimalapensis T. F. Daniel, sp. nov.

Type.— MEXICO. Oaxaca: Mpio. Santa Maria Chimalapa, camino hacia Arroyo San Vicente,

990 m, 23 March 1995, E. Torres B. 536 (holotype: CAS!).

Herbae perennes vel frutices usque ad 1.5 m alti. Folia petiolata, laminae ovatae vel ellipticae,

105-210 mm longae, 33-93 mm latae, 2.3-3.2-plo longiores quam latiores. Inflorescentia floribus in

spicas vel paniculas spicarum axilares; dichasia altema, sessilia, uniflora, et unilateralia. Bracteae

homomorphae, subulatae, 1—2 mm longae, 0.3—0.4 mm latae, pagina abaxialis glabra vel sparse

pubescens. Flores sessiles vel subsessiles. Calyx 5-lobus, 4.5-6 mm longus, lobis homomorphis.

Corolla viridi-alba labiis purpureo-notatis, 16-20.3 mm longa, extus pubescens trichomatibus glan-

dulosis. Stamina thecis 1.8-2.2 mm longis, subpariter vel impariter insertis, theca infema basi

calcarata. Capsula pubescens trichomatibus glandulosis.

Erect perennial herbs or shrubs to 1.5 m tall. Young stems multiridged with shallow and

somewhat undulating ridges, glabrous, ± conspicuously constricted just above nodes. Leaves petio-

late, petioles to 33 mm long, blades ovate to elliptic, 105-210 mm long, 33-93 mm wide, 2.3—3.2

times longer than wide, ± abruptly acuminate to acuminate-caudate at apex, acute to ± abruptly

attenuate at base, surfaces glabrous or with antrorse eglandular trichomes on midvein adaxially (at
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Figure 2. Map of Mexico showing the distributions of Jiisticia chimalapeusis.J. novoiialiciana, and/ weudtii.

least near base ofblade), margin entire to sinuate. Inflorescences ofaxillary subsessile to short-pedun-

culate dichasiate spikes or basally branched panicles of spicate axes to 50 mm long (including

peduncles and excluding flowers), spikes or panicles opposite, 1 per axil, peduncles to 3 mm long,

glabrous or pubescent with eglandular trichomes, bracts subtending panicle branches (= inflorescence

bracts) subulate, 1.5 mm long. 0.3-0.5 mm wide, rachis of spikes or spicate axes nearly glabrous or

evenly pubescent with erect to flexuose glandular trichomes to 0.2 mm long (glandular pubescent)

and antrorse eglandular (at least proximally) trichomes 0.05-0. 1 mm long; dichasia alternate, 1 -flow-

ered, 1 per axil, sessile, unilateral. Bracts opposite, homomorphic, subulate, 1—2 mm long, 0.3—0.4

mm wide, abaxial surface glabrous or sparsely pubescent with trichomes like those of rachis, eciliate.

Bracteoles lance-subulate, 1.8—2 mm long, 0.3-0.7 inm wide, abaxial surface glabrous or glandular

pubescent. Flowers sessile to subsessile (i.e., pedicels to 0.5 mm long). Calyx 5-lobed, 4.5—6 mm
long, lobes homomorphic. lance-subulate, 3.3^.5 mm long, 0.5—0.7 mm wide, abaxially glandular

pubescent. Corolla with long axis ± vertically oriented, greenish white with purplish markings,

16—20.3 mm long, externally glandular pubescent, tube ± cylindric, subsaccate below midpoint,

1 0-1 2 mm long, 1 .7—2.5 mm in diameter near midpoint, upper lip 6-9.3 mm long, apically 2-lobed.

lobes 0.1-0.5 mm long, lower lip 6-9 mm long, lobes 1.3-2 mm long, 1.6-2.5 mm wide. Stamens

inserted below midpoint of corolla tube, 12—16 mm long, filaments glabrous distally, pubescent with

eglandular trichomes near base, thecae 1.8-2.2 mm long (including basal appendage), subequal,

subparallel, subequally to unequally inserted (overlapping by up to 1.8 mm), upper theca dorsally

pubescent with eglandular trichomes to 0.05 mm long, lower theca glabrous and with a prominent

basally papillose basal appendage 0.3-0.5 mm long; pollen 2-aperturate, apertures flanked on each

side by I row of insulae (peninsulae sometimes present as well), exine reticulate; 2 staminode-like
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thickenings or pouchlike protrusions of corolla present at point of insertion of filaments, these

pubescent with eglandular trichomes. Style 1 5-1 5.5 mm long, pubescent with eglandular trichomes.

stigma 0.2-0.3 mm long, only I lobe evident. Capsule (immature) 5.5 mm long, externally sparsely

pubescent with glandular trichomes to 0.05 mm long.

Phenology.— Flowering: March-April. Immature fruits present in March.

Distribution and Habitat.— Mexico (Oaxaca, Fig. 2), in the Isthmus of Tehuantepec; plants

occur in cloud forest (bosque mesotllo de montaiia) at elevations from 990 to 1200 m.

Paratype.— MEXICO. Oaxaca: Mpio. Santa Maria Chimalapa, Sierra de Tres Picos, ca. 1 .5

km W of Cerro Piicotzuc, ca. 17.5 km SSE of La Laguna, Veracruz. 17°07'30"N, 94°27'55"W, T.

Wendtetal. 6830 {lEX).

This species cannot be readily affiliated with any one of the subgeneric taxa recognized by

Graham (1988). Its pollen ("Type 5" of Graham 1988; Fig. 3) is characteristic of several of her

sections, as well as numerous species of uncertain affinities. Like several other species ofJusticia

(i.e., J. chol T. F. Daniel, J. costaricana Leonard, and J. nevlingii Wassh. and T. F. Daniel; see

Wasshausen and Daniel 1995), J. chimalapensis has two pubescent, staminode-like thickenings

adjacent to the point of insertion of the filaments in the corolla tube. These thickenings form two

conspicuous, pouchlike protrusions of the corolla into the tube. Justicia chimalapensis differs from

all of these species by having homomorphic bracts. It appears unlikely that these staminode-like

thickenings represent a synapomorphy uniting these taxa because they differ in numerous macromor-

phological and micromorphological attributes. Wasshausen and Daniel (1995) summarized the

differences among the species with heteromorphic bracts.

Wemit et al. 6830 lacks the conspicuous glands on the inflorescence rachises and bracteoles

(although a few glands are present on these structures), but otherwise resembles the holotype.

The name of this species is derived from the municipality in which it was collected.

Justicia novogaliciana T. F. Daniel, sp. nov.

Type.— MEXICO. Jalisco: Sierra de Manantlan Occidental, slopes of La Calera,just NW of

KM 188 on Autlan-Manzanillo hwy (Mex. 80), 9 km NNE of La Resolano (Casimiro Castillo) and

ca. 16 km SE of Autlan, 19°40'N, I04°24'-25'W, 1 1 March 1992, //. litis, L Guzman H.. and B. Benz

31028 (holotype: WIS!; isotype: CAS!).

Frutices usque ad 2 m alti. Folia petiolata, laminae ovatae vel ellipticae (vel obovato-ellipticae),

18-82 mm longae, 10-32 mm latae, 1.3-3-plo longiores quam latiores. Infiorescentia fioribus in

dichasia axillaria; dichasia altema vel opposita, sessilia vel pedunculata, (1-) 5-multiflora. Flores

subsessiles vel pedicellati. Calyx pariter 4-lobus vel impariter 5-lobus, 4—5.5 mm longus. Corolla

aurantiaca vel rubens, 23—33 mm longa, extus pubescens trichomatibus glandulosis et eglandulosis.

Stamina thecis 2-2.5 mm longis, subpariter insertis, basi ecalcaratis. Capsula 20 mm longa, pubescens

trichomatibus glandulosis et eglandulosis.

Shrub to 2 m tall. Young stems striate with alternating light green and darker green-brown lines,

subquadrate to subhexagonal, (± evenly to) bifariously pubescent with (flexuose to) retrorse eglan-

dular trichomes 0.3-0.8 mm long (trichomes sparse, ± unifarious, or merely concentrated in 2 lines

on some intemodes). Leaves petiolate, petioles to 9 mm long, blades ovate to elliptic (to obovate-el-

liptic), 18-82 mm long, 10-32 mm wide, 1.3-3 times longer than wide, (rounded to) acute to

acuminate (to apiculate) at apex, (rounded to) acute to subattenuate at base, surfaces pubescent with

fiexuose eglandular trichomes to 0.5 mm long, trichomes concentrated along major veins, margin

entire to subsinuate. Inflorescence ofaxillary sessile to pedunculate dichasia to 50 mm long (including



DANIEL: NOTES ON NEOTROPICAL Jt/Sr/C//! 489

FiGLRE 3. Scanning electron micrographs of pollen, a. Justicia wcndlii (IVendl et ul. 3031). interapertural view. b. J
chinuilapensis ( Torres B. 536). aperfural \ iew. c. / novngaliciana (litis el al. 3W2S). apertural view. d. J. nnvogaliciana (lliis

et ul. 3I()2S). interapertural view. Scale for a = 5 |am; scale for b-d = 10 ).im.
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peduncle and excluding flowers), dichasia alternate or opposite, (1-) 5-many-flowered, 1 per axil,

sessile or pedunculate, peduncles to 2.5 (-22) mm long, pubescent with flexuose to retrorse to antrorse

eglandulartrichomes. Bracteoles lance-subulate to triangular-subulate, 1.7-2.5 mm long, 0.4—0.8 mm
wide, abaxial surface pubescent with erect to flexuose to antrorse eglandular (and sometimes

glandular) trichomes 0.1-0.3 mm long. Flowers subsessile to pedicellate, pedicels to 3 mm long.

Calyx equally 4-lobed or unequally 5-lobed, 4—5.5 mm long, 4 lobes similar, subulate, equal, 3^.5
mm long, 0.5—0.9 mm wide, abaxially pubescent with erect to antrorse eglandular (and sometimes

glandular) trichomes 0.1-0.2 mm long, 5th lobe (if present) 2.5 mm long, 0.1-0.2 mm wide. Corolla

orange to red, 23-33 mm long, externally pubescent with erect to flexuose glandular and eglandular

trichomes 0. 1—0.4 mm long, tube gradually expanded distally, 1 2—1 8 mm long, 2.5^ mm in diameter

near midpoint, upper lip 11-16 mm long, apically entire, lower lip 1 1-14 mm long, lobes 1 .2-3 mm
long, 1 .5—3 mm wide. Stamens inserted near apex of corolla tube, 8—20 mm long, filaments glabrous,

thecae 2-2.5 mm long, subequal, sagittate, subequally inserted, dorsally glabrous, lacking basal

appendages; pollen 2-aperturate, apertures flanked on each side by 2 rows of insulae (peninsulae

sometimes present as well), exine reticulate. Style 23—3 1 mm long, sparsely pubescent near base with

antrorse eglandular trichomes, stigma 0.1 mm long, only 1 lobe evident. Capsule 20 mm long,

externally pubescent with erect (to retrorse) glandular and eglandular trichomes 0.05^.1 mm long,

stipe 8 mm long, head subellipsoid, 1 2 mm long. Seeds 4, sublenticular, 3.5 mm long, 3.5 mm wide,

surfaces tuberculate.

Phenology.— Flowering: January-March and July; fruiting: March.

Distribution and Habitat.— Western Mexico (Jalisco and Guerrero, Fig. 2); plants occur in

tropical deciduous forests and tropical subdeciduous forests at elevations from 780-1650 m.

Paratypes.— MEXICO. Jalisco: Sierra de Manantlan Occidental, Arroyo La Calera, ca. 9 km
N de Casimiro Castillo en el camino entre Autlan y la costa, 1 9°4 1 'N, 1 04°25'W, E. Jiidziewicz et al.

5117 (WIS); Mpio. Autlan, Rancho Chiquihuitlan, 6 km O de Autlan, E. Lott and A. Solis M. 443

(CAS). Guerrero: 24 km N de Valle de Zaragoza, E. Martinez S. and J. Soto N. 3710 (CAS).

This species is not readily assignable to any one of the subgeneric taxa proposed by Graham

( 1 988). Its pollen (Fig. 3) conforms to "Type 7" (Graham 1 988), which occurs in numerous sections.

Justicia novogaliciana differs from all of these sections in the structure of its inflorescence and in

various other characters.

The few known collections ofJusticia novogaliciana show variation in several features. Martinez

S. and Soto N. 3710 from Guerrero differs from the collections from Jalisco by having both glandular

and eglandular trichomes on the secondary peduncles, pedicels, bracteoles, and calyx. In the speci-

mens from Jalisco these structures have only eglandulartrichomes. Lott and Solis M. -^^i differs from

the other collections by its more or less evenly pubescent intemodes and long-pedunculate (i.e.,

peduncles 5-22 mm long) dichasia that comprise a single flower. In the other collections, the

intemodes are generally bifariously pubescent and the dichasia are sessile or short-pedunculate (i.e.,

peduncles to 2.5 mm long) with five or more flowers.

This species is named for the old Spanish province of Nueva Galicia, from which the type and

most other collections were taken.

A New Name

Justicia isthmensis T. F. Daniel, nom. nov.

Justicia panamensis (Lindau) V. A. W. Graham, Kew Bull. 43:605. 1988; non J. panamensis Durkee (as

"panamense") ( 1978).
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1

Chaetochlamys panamensis Lindau, Repert. Spec. Nov. Regni Veg. 11:124. 1912. Type.— PANAMA. "Ad
solum araneosum ad rivosetad umbrosas vias prope Alhaguclaet Las Cruces 30-100 m"(from protologue),

Jan-Feb 1911, P////£t2J.?<^ (syntype: B?, destroyed), Pittier2614 (syntype: B?, destroyed). [Graham ( 1 988)

noted that Pitder s.n. from the Chagres Valley at BM was an isosyntype; additional isosyntypes are likely

at US].

Chaetochlamys Lindau was included within Jiisticia by Graham (1988). The combination J.

panamensis (Lindau) V. A. W. Graham (Graham 1988) is a later homonym of J. panamensis Durkee

(Durkee 1978). Thus, a new name is needed in Justicia for the former species. The epithet selected

refers to the Isthmus of Panama.

A Range Extension

Justicia candelariae (Oerst.) Leonard

PANAMA. N'eraguas: region de la Yeguada, Cerro Cristal. 1360 m. 19 February 1987, M.

Correa et al. 4842 (PMA).

This species is reported to occur in Mexico, Guatemala. Belize. Honduras, and Costa Rica ( Daniel

1995b). The collection noted above represents the first known occurrence of the species in Panama.

Twenty-five species ofJusticia are now known from Panama (Daniel and Wasshausen 1990; Daniel

and McDade 1995), making it the largest genus of Acanthaceae in that country. Justicia candelariae

can be distinguished from other species of the genus in Panama by the following combination of

characters: petioles glandular abaxially, inflorescence ofterminal and subterminal pedunculate spikes,

bracts ovate to elliptic to obovate and 3^ mm wide, calyx with 4 similar lobes and a reduced posterior

lobe, corollas whitish marked with maroon and 7—10.5 mm long, thecae dorsally pubescent and

lacking basal appendages, and capsules 5—6 mm long and externally pubescent. Intraspecific variation

and interspecific relationships of this species were discussed by Daniel (1995b). Leonard's (1958)

description of J. chlorostachya from Colombia does not seem to differ significantly from that of J.

candelariae from Chiapas, Mexico (Daniel 1 995b). However, I have not studied specimens attributed

to the former species.
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Acanthoptilum 25, 29, 33
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pourtalesii 33
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nigricans 474
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Ailichthyoidei 3

Akyses 3

Akysidae 3, 8

Akysis 3

Alcyoniidae 337, 338, 362

Alcyonium indicum 338, 357, 361

Amblycepinae 4

Amhlyceps 4

Amblycipitidae 4

Ameiunis 4

Amiurina 4

Amiurus 4

Amphiacme 25, 29, 33

ahysorrum 33

Amphianthus 29

Amphiliidae 4, 6

Amphiliinae 4

Amphilius 4

Anchariidae 4

Ancharius 4

Ancistri 4

Ancistrus 4

Andinichthyidae 4

Andinichthys 4

Aneides luguhris 327

Anesipoma 4

Anodontes 4

Anthomastus 337, 362

ag/7z5 344

phalloides 339,362

Anthoptilum 25, 29, 33

grandiflorum 33

murrayi 33

/4or/a 400,401

Aorichthys 398,400,401

aor sarwari 420

Aphelodohs 366, 425

Argeini 4

Argentella 29

Arges 4

Arii 4

Ariidae 4-7, 10

Ariobagri 4

Ariodontes 4

/lr/M5 4

Aspidoradidi 4

Aspidoras 4

Aspredinae 4

Aspredinidae 4, 6, 8

Aspredo 4

Astephinae 4

Astephus 4

Asteronotidae 366

Asteronotus 366, 425, 438, 439, 441^43
Asterophysus 4

Asthenomacrurus victoris 114

Astroblepidae 4, 5

Astroblepiformes 4

Astrohlepus 4

Astrophysi 4

Auchenipteridae 3-6, 8, 10

Auchenipterinae 4

Auchenipterini 4

Auchenipterus 4

Auchenoglanidinae 4

Auchenoglanis 4

Austroglanididae 5

Austroglanis 5

B
Bagarina 5

Bagarius 5

Bagre 5

Bagreidae 5

Bagrichthyes 5

Bagrichthyoidei 3, 5

Bagrichthys 3, 5

Bagridae 5, 7-9

Bagroides 5

Bagroidinae 5

Bagrus 3, 5

aore//w5 397,415,416

aorides 397,412,413

aorinus 397, 420

lamarrii 397, 398, 400, 401, 420, 421

mehdionalis 402

Balticina 29

Baptodoris 253-255, 257

cinnaharina 253-255

fongosa 257

mimetica 253-255

Batasinae 5

Batasio 5

Bathyalcyon 362

Bathygadidae 107, 115

Bathygadus 1 1

5

cottoides 116, 117

spongiceps 115, 116

Bathyperma 29

Bathyptilum 29

Batrachocephalinae 5

Batrachocephalus 5

Batrachoseps attenuatus 327

Bellonella indica 338, 345, 361, 362
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Beloperone 483

Bensonularia 33

spatulata 33

Benthoptillum 29

Benthoptilum 29

Betonica 486

Bunocephalini 5

Bunocephalus 5

Caelorinchus 108, 110, 113, 122, 127, 144,

147, 148, 150, 160, 166

acanthiger 123, 125, 145, 166, 167

acutirosths 122, 125, 127

amvdrozosterus 122, 127, 129, 152

argentatus 123, 129, 130, 132, 137, 154,

155, 161

argus 1 66

asteroides 1 40

hoIIons i 129

charius 123, 132, 136, 164

commutabilis 136

cookiamis 1 29

denticulatus 132, 155

fasciatus 128, 129, 152, 157

fonnosanus 132

gaesorhynchus 123, 136, 137, 161

goobala 123, 138, 140

innotabilis 123, 140, 141

kaiyomaru 1 4

1

kamoharai 132, 137, 154

kamohari 130

kennadecus 1 59

/a.v// 123, 125, 141, 144, 145

longissimus 132

macrorhynchus 123, 145-147, 164

macidatus 123, 147, 148

matamua 122, 148

maurofasciatus 122, 128, 129, 150, 152

mav/ae 123, 130, 132, 137, 152, 154, 155,

161

mirus 122, 128, 155, 157

mitltispimdosus 132, 155, 161

mycterismus 112, 125, 145, 157-159

mvstax 1 29

parJ;y.v 123, 130, 132, 137, 154, 155, 159,

161

parvifasciatus 122, 128, 129, 152

radclif/ei 140

smithi 123, 136, 147, 161, 164

spinifer 147

//zwr/a 123, 164, 166

trachycarus 123, 125, 166, 167

Calibelemnon 31,33

hertM'igi 35

indicum 35

symmethcum 35

Callichthini 5

Callichthyidae 4-6

Callichthys 5

Callophysinae 5

Callophysiis 5

Calophysinae 5

Calophysus 5

Cawtalcyon 362

Cascadura 5

Cascaduridi 5

Cavernularia 25, 3 1 , 33, 35

capitata 35

c/?w/7/ 35

da vata 35

iiflj/ 35

dedeckeri 35

elegans 35

^/a/75 35

habereri 35

liitkeni 35

luetkeni 35

lutkeni 35

malabarica 35

miriflea 35

obesa 35

pusilia 35

Cavenmlina 25, 35

cylindhca 35

dafwini 35

grand(flora 35

orientalis 35

Centrochir 5

Centrochirinae 5

Centromochli 5

Centromoehlus 5

Ceratiidae 263

Ceratioidei 306

Ceratoglanis 385-388, 390

pachynema 385, 387, 389, 390, 393

scleronema 385, 387, 389, 390, 393

Cetonurichthys 1 67

subinflatus 114, 1 67

Cetonurus 167, 169

erassleeps 169, 170

globieeps 114, 169, 170

Cetopsidae 5, 6

Cetopsini 5
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Cetopsis 5

Chaca 5

Chacidae 5

Chacini 5

Chaetochlamys 483,491

Chaetostomidi 5

Chaetostomus 5

Chaetothylax 483

Chalinura 1 70

yaquinae 1 70

Chaunacidae 306

Chiloglanidinae 5

Chiloglanis 5

Chromodorididae 461

Chromodohs 461,465,466,468

kitae 470,471

lineolata 468

mandapamensis 466, 468

naiki 468,470,471

preciosa 465

sinensis 465, 466

sthatella 468

trimarginata 462, 465, 466

Chrysichthyinae 5

Chrysichthys 5

Chunella 25, 35

gracillima 35

CladieIla 362

Cladiscus 29

Clarias 5

Clariidae 5, 6

Clariini 5

Claroteidae 4-6

Claroteini 5

Clarotes 5

Clavella 31

Clypeati 5

Coelophrys 260, 297, 305, 306

hrevicaudata 305

Coluber 321

Conta 5

Continae 5

Copionodon 5

Copionodontinae 5

Corydoradinae 5

Coiydoras 5

Coryphaenoides 1 08, 11 3, II 4, 1 70

armatus 1 70

Jilicaudus 1 70

macrocephalus 1 7

1

mcmillani 170, 173

murrayi 170

paradoxus 1 7

1

n/J/.? 170-171

serrulatus 171, 173

striaturus 173, 174

sp. 174

Cranoglanidac 5

Cranoglanididae 5

Cranoglanis 5

Crassophyllum 35

cristaturn 35

thessalonicae 35

Crinillum 31

Crispella 31

Cyclopidae 5

Cyclopium 5

D
Deutocaulon 3

1

Diadophis amahilis 327

Dianeina 5

Dianemidi 5

Diaulula 254-255

sandiegensis 254, 255

Dihranchichthys 260

nudivomer 260

Dihranchopsis 260

spongiosa 260

Dihranchus 259-264, 266, 267, 270, 275,

279-281, 284, 293-295, 297, 298,

305-307

accinctus 263, 270, 279, 295, 307

a//7er// 260

a^per 281

atlanticus 259, 262-264, 266, 267, 270,

271,275,279,284,307

cracens 263, 284

^wcor5 263, 266, 292, 294, 307

erinacea 260

erinaceus 263, 290, 307

erythrinus 259

/?K9/rzA- 262, 263, 270, 280, 281, 307

infranudus 261

japonicus 259, 263, 270, 294, 307

micropus 260

nasutus 260

nudiventer 261

nudivomer 263, 266, 292

ohscurus 261

scaber 262, 281

simulus 260

sparsa 260, 307

sparsus 263, 287, 307
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spinosa 260

spmosus 260, 262-263, 266, 289, 307

spinulosa 260, 289

spongiosus 262, 263, 266, 280, 281

stelliferus 260

stellulatus 259,297

tremendus 259, 263, 266, 270, 275, 307

velutimis 262, 263, 285, 287

Dicamptodon 327

Diplomystes 6

Diplomystidae 6

Dipteronotes 6

Distichoptilum 25,31,35

gracile 35

Doiichthyidae 6

Doiichthys 6

Dorididae 5-7, 366

Doradini 6

Doras 6

Dom humherti 468

Doumea 6

Doumeinae 6

Drejerella 486

Diibenia 31

E
Echinoptilum 25, 35

asperum 35

echinatum 35

elongatum 35

macintoshi 35

minimum 35

roseum 35

Eleutherohia 352

somaliensis 352

Encrinus 31

Ensatina 327, 328

eschscholtzii 327

Eremophilini 6

Eremophilus 6

Erethistes 6

Erethistidae 5-7

Erethi slides 6

Euanemini 6

Euanemus 4, 6

Eutainia

atrata 333

infernalis vidua 333

Exostoma 6

Exostomatina 6

F
Farlowella 6

Farlowellidi 6

Funiculina 25,31,33,35,38
armata 38

parkeri 38

quadrangularis 38

Fusticularia 31

Gadomus 108, 113, 117, 119, 121

aoteanus 117, 119, 121

capensis 119, 121

denticulatus 1 1

9

colletti 119

introniger 1 1

9

magnijilis 119

melanopterus 119,121,122

multifdis 119, 121

/7e/7/7er/ 117, 119, 121, 122

sp. cf. colletti 117, 119, 121, 122

Gargamella 245, 252-257

/?o\'/>7a 249, 250, 252-256

gravastella 246, 248-250, 252-256

immaculata 245, 248-250, 252-256

/a//or 245, 252

novozealandica 245

Gephyroglanidini 6

Gephyroglanis 6

Glanapteryginae 6

Glanapteryx 6

Glani 6

Glossodoris 468

trimarginata 462

Glyptostemi 6

Glyptosternum 6

Glyptothoracini 6

Glyptothorax 6

Godejfroyia 3 1

Godefroyia 31

Gondul 31

Goniodontes 6

Graphularia 22, 25, 38

amhigua 38

hadenia 38

helgica 38

crecelii 38

desertorum 38

groenwalli 38

incerta 38

irregularis 38

kalimnae 38
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longissima 38

meijeri 38

nigra 38

quadrata 38

salishurgensis 38

sulcata 38

wetherein 38

yamakawai 38

Gunneria 3

1

Gyrophyllum 25, 29, 38

hirondellei 38

sihogae 38

H
Halgerda 365, 366, 371-374, 376, 378, 379,

382, 425, 426, 428, 432-434, 438, 439,

441-443,446,447

albocristata 382, 438, 439, 441 , 442

aurantiomacidata 432, 433, 438, 441, 442

bacalusia 430,432,433,438,441

hrunneomaculata 439,441,442
carlsoni 428^30, 432, 433, 438, 441, 442

dalanghita 373, 374, 381, 382, 438, 439,

441,442

diaphana 433,438,442
dichromis 374, 376, 378, 379, 381, 382,

439,441,442
elegans 374, 438, 439, 441 , 442

formosa 365, 366, 369, 371-373, 378, 379,

382,426,438,439,441,442
graphica 441, 442

guahan 432, 433, 438, 442

iota 439,441,442
malesso 428^30,433
punctata 365,371-373,439,441,442

stricklandi 426, 428-430, 433, 438, 441

terramtuentis 439

tessellata 438,439,441,442
toliara 380-382,439,441

wasinensis 382, 44 1 , 442

willeyi 438,439,441,442
xishaensis 439,441,442
sp. 2 439

Halgerdidae 366, 425, 426

Halicmetus 297, 298, 305--307

Halieutaea 260, 305

Halieutichthys 260, 305

Halieutopsis 260-262, 264, 297, 305, 306

micropa 306

simulus 261

vermicularis 261

Halipteris 25,29,31,33,38

africana 38

californica 38

christii 38

finmarchica 38

heptazooidea 38

willemoesi 38

Halisceptrum 31

Haplomacrourus nudirostris 1 1

4

Harttia 6

Harttiinae 6

Helicoptilum 31

Helogenes 6

Helogenidae 6

Hemidoradinae 6

Hemidoras 6

Hemiodontichthyina 6

Hemiodontichthys 6

Hemipimelodinae 6

Hemipimelodus 6

Hemisilurus 387

mekongensis 387

moolenhurghi 387

scleronema 386

Heptapterinae 6

Heptapterus 6

Herklotsia 3

1

Heterobranchia 6

Heterobranchoidei 6

Heterohranchus 6

Heteropneustes 6

Heteropneustidae 6, 9

Heteropolypus 362

Hopliancistrini 6

Hopliancistrus 6

Hoplomizoninae 6

Hoplomyzon 6

Hoplosteminae 6

Hoplosternum 6

Hoplostethus atlanticus 224

Hymenocephalus 108, 112, 114, 175, 179, 219

adelscotti 1 76

kuronumai 1 76

lethonemus 1 78

longiharhis 1 77

longiceps 1 77

megalops 180

nascens 177, 180

striatissimus aeger 1 78- 1 80

striatulus 178, 180

sp. 180

Hymenosomatidae 390

Hyomacrurus 1 89
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Hypophthalmini 6

Hypophthalmus 4, 6

Hypoptopoma 6

Hypoptopominae 6

Hypostomiden 3, 7

Hypostomus 7

Hypsidoridae 7

Hypsidoris 1

I

Ichthaelurus 7

Ichthyaelurinae 7

Ichthyaelurus 7

Ictaluri 7

Ictaluridae 4, 7

Ictalurus 1

Idiolophorhynchus 234, 235

andriashevi 113, 235, 236

Inermes 7

Ixdania 483

Jacobin ia 483

Jorunna pantherina 245

Juncoptdum 31

Jz/5//c/a 483,488,491

alainii 486

candelariae 483,491

chimalapensis 486, 488

chlorostachva 491

c/7o/ 488

costaricana 488

isthmensis 490

nevlingH 488

novogaliciana 488, 490

panamensis 491

wendtii 483, 486

K
Kophobelemnon 25,29,31,38

fl///«e 38

heterospinosum 38

hispidum 38

irregulatus 38

leucharti 38

macrospinosum 38

molanderi 38

pauciflorum 39

stelliferum 39

Kryptopterini 7

Kryptopterus 1

Kumba 192

Kuwnezumia 108,114,180,192

/eo^7/5 181,182

/7a///^fl 181, 182

L
Laguvia 7

Laguviini 7

Lampropeltis zonata 328

LeioptUlum 31

Leioptilum 31

Leioptdus 3

1

Lepidorhynchus 1 82

denticulatus 114, 182, 184

Leptoptdum 31

Lictores 7

Lionurus 170

Lioptdum 31

Lithodoradinae 7

Ldhodoras 7

Lithogeneinae 7

Ldhogenes 7

Lithoxina 7

Lhhoxus 1

Lduaria 25,31,39
amoyensis 39

australasiae 39

6reve 39

habereri 39

hicksoni 39

kuekenthali 39

wo/Ze 39

phadoides 39

phiUppinesis 39

valenciennesi 39

Lobophytum 362

Lophiidae 263

Lophiodes 263

Lophiomus IdA

Lophius 263

Loricaria 2, 7

Loricariichthyina 7

Loricaruchthys 1

Loricariidae 3-9

Lucigadus 184,210

acrolophus 1 85

microlepis 185

nigromaculatus 1 84-1 86

nigwmarginatus 184, 185

or/ 114, 184, 185

Luciopimelodinae 7

Luciopimelodus 7
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Lygomorpha 31

Lygus 31

M
Macrones 397,400,401

aor 408,415

seenghala 415

Macronichthys 400,401

Macropterotere 6

Macrouridae 107

Macrourinae 122

Macrouroides 234

inflaticeps 1 1

3

Macrouroidinae 234

Macruronus novaezelandiae 1 84

Malacacanthus 337, 362

Malacohelemnon 39

stephensoni 39

Malacocephalus 1 86

boretzi 187

hawaiiensis 187

laevis 114, 186, 187

luzonensis 1 87

nipponensis 1 87

occidentalis 1 87

okamurai 187

Malapteruridae 7

Malapterurini 7

Malapterurus 7

A/a///ze 260

Malthopsis 260, 305, 306

spinulosa 290

Masticophis 321

lataeralis euryxanthus 323

Mataeocephalus 108,113,187-189

acipenserinus 114,188

sp. 189

Mesohelemnon 31

Mesobius 108, 114, 189, 190, 192

antipodum 1 89-1 92

/)ero'/ 190, 191

Metaloricaria 7

Metaloricariina 7

Micwptilum 31

Minabea 337-339,344,358,361,362
acronocephala 338

aldersladei 338

ozaA:// 337,344,362
phalloides 337-339, 344, 362

Mochokidae 5,7,8-10

Mochokus 7

Mystidae 7

Mj^to 7,398,401

flor 401

seenghala 40

1

N
Nangra 7

Nangrina 7

Nematogenyidae 7

Nematogenyini 7

Nematogenys 1

Nematognathi 7, 9

Neoceratiidae 263

Neohallia 483

Neoplecostominae 7

Neoplecostomus 1

Neorhvnchoplax prima 390

Nezumia 108, 114, 192, 197, 208

burragei 1 99

coheni 192, 195,202

condylura 201

ev/We5 197,201

holocentra 1 99

ytapa/fl 193-195,202,208

leucoura 195, 197

werre«/ 197,199,204

namatahi 192, 195,202

propinqua 197, 199,201

5oe/fl 195,201,202

5;7/>j05fl 199,202,204

wularnia 205, 208

Nidalia indica 357

Norticina 31

o
Octobasis 39

Odontomacrurus murrayi 1 1

4

Ogcocephalidae 305, 306

Ogcocephalus 260,261,305

0/vra 7

Olyrinae 7

Ombellula 31

Ombellulaires 31

Ombellularia 31

OwpoA: 387

Oplophoria 7

Osteobagrus 398,401

Osteocella 31

Osteogeneiosus 1

Osteogeniosinae 7

Otocinclini 7

Otocinclus 1

Otothyrini 7
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Otothvris 7

Pangasianodon 7

Pangasianodonidi 7

Pangasiidae 7

Pangasini 7

Pangasius 7

Parahelemnon 31

Paracetonurus 208

Parakysidae 8

Parah'sis 8

Paraminabea 338, 344, 352, 358, 361, 362

acronocephala 345,358,361,362

aldersladei 361,362

arhorea 352, 357, 362

cosmarioides 361

goslineri 361, 362

/W/cfl 352,357,361

kosiensis 361

robusta 362

sp. 361

Pareiodon 8

Pareiodontinae 8

Pavonaires 31

Pavonaria 31,39

portisi 39

Pelteobagrini 8

Pelteohagrus 8

Penna 31

Pennatula 25,31,39
aculeata 39

argentina 39

delicata 39

fimbhata 39

grandis 39

indiea 39

/>7/7a/a 39

mollis 39

phosphorea 39

pwlifera 39

rubra 39

Pennatulites 39

manzonii 39

Phalacronotini 8

Phalacronotus 8

Phosphorella 31

Phreatobinae 8

Phreatobius 8

Pimelodidae 4-9

Pimelodinae 8

Pimelodini 8

Pimelodus 8

flor 397, 398, 400

seenghala 420

Pinirampidae 8

Pinirampus 8

P//7W.V sabiniana 328

Plagiacanthus 486

Planiloricaria 8

Planiloricariina 8

Platy'doris 253-257

angustipes 254-256

argo 253-256

formosa 253

maculata 254-256

stomascuta 254-256

Platymantis 449

cagayanensis 450, 454, 460

corrugatus 449, 457, 460

^or9a/z5 449,451,455,457,460

indeprensus 455, 457, 460

levigatus 449, 457, 460

mimulus 449, 457, 460

naomii 449, 457, 460

pseudodorsalis 454, 457, 460

pygmaeus 449, 457, 460

spelaeus 449, 457, 460

tov/or/ 451,457,460
Platystacinae 8

Platystacus 8

Platystoma seenghala 397,419

Plecostomiformes 8

Plecostomus 8

Plotose 6

Plotosichthyoidei 3, 8

Plotosidae 8

Plotosus 3, 8

Policella 31

Porcinae 8

Porcus 8

Prochunella 31

Prographularia 39

tradica 39

Protocaulon 3

1

Protoptilum 25, 39

carpenteri 39

celebense 39

cyaneum 39

denticulatum 39

5m /7r/ 39

thomsoni 40

Pseudacanthicina 8

Pseudacanthicini 8
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Pseudacanthicus 8

Pseudauchenipterini 8

Pseudauchenipterus 8

Pseudecheneidina 8

Pseudecheneis 8

Pseudonezumia 208

cetonuropsis 208, 209

flagellicauda 208

japonicus 208

parvipes 208,209

pusilla 114,208,209

Pseudopimelodidae 8

Pseudopimelodinae 8

Pseudopimelodus 8

Pterocryptis 387

Pteroeides 25, 29, 31, 33, 40

acutum 40

argenteum 40

hankanense 40

bestae 40

breviradiatum 40

caledonicum 40

carnosum 40

crossieri 40

densum 40

dofleini 40

duebeni 40

durum 40

esperi 40

flexuosum 40

humesi 40

hymenocaulon 40

isosceles 40

jungerseni 40

laboutei 40

latissimum 40

lusitanicum 40

malayense 40

morbusus 40

oblongum 40

sagamiense 40

sparmanni 40

spicatum 40

spinosum 40

tenerum 40

timorense 40

triangulum 40

Pteromorpha 31

Pteronotidae 8

Ptewnotus 8

P///e//a 31

Ptilosarcus 25,31,40

gurneyi 40

Pygidiidae 8

Pygidium 8

R
/?flA7a aurora 327

Reganella 8

Reganellina 8

Renila 3

1

/?e/7/7/a 25,31,40
kollikeri 40

koellikeri 40

kollikeri 40

mtilleri 40

muelleri 40

mulleri 40

musaica 40

octodentata 40

reniformis 40

Renillina 31

Rhamdia 8

Rhamdiae 8

Rhaphidospora 486

Rhinoglanina 8

Rhinoglanis 8

/?/co/a 9

Ricolina 9

Rineloricaria 9

Rineloricariina 9

/?/to 9

Ritae 9

Saccobranchini 9

Saccobranchus 9

Sarcobelemnon 3

1

Sarcoglanidinae 9

Sarcoglanis 9

Sarcophyllum 33

Sarcophyton 3 1 , 362

Sarcophytum 362

Sarcoptilus 25, 33, 41

bollonsi 41

grandis 41

nullispiculatus 41

rigidus 41

shaneparkerii 41

tentaculata 41

Sarotheca 486

Sceptonidium 33

5c/?///)e 9

Schilbeini 9
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Schilbidae 3,9

Scleracanthi 9

Sclerobelemnon 25, 3 1 , 4

1

burgeri 41

elongatiim 41

gracile 41

gravieri 41

koellikeri 41

magniflorum 41

schmeltzi 41

theseus 41

Sclerodoris 366, 374, 425, 439

tubercidata 374

Scleroptilum 25,41

grandiflorum 41

Scoloplacidae 9

Scoioplacinae 9

Scoloplax 9

ScytaHops is 25,41

djiboutiensis 41

ghardagensis 41

ghardaqana 41

ScytaHum 25,41

balssi 41

martens! 41

j'arj'// 41

tentaculatum 41

Siluranodon 9

Siluranodontinae 9

Silurichthyoidei 3, 9

SiluHchthvs 3, 9, 387

Siluridae'7-9, 385

Anomalopterae 9

Branchicolae 9

Heteropterae 9

Homalopterae 9

Opisthopterae 9

Proteropodes 9

Proteropterae 9

Stenobranchiae 9

Siluro'ides 3, 9

5//wrw5 3,9,387
Simuldentinae 9

Sinn Iarta 344, 362

Siphonoglossa 483

S/5or 3, 5, 7, 9

Sisorichthyoidei 3, 9

Sisoridae 5-8

Solocisquama 259, 297, 298, 307

carinata 297,298,301,304
erythrina 297,299,301,304
stellulata 297,298,301,304

Sorubim 9

Sorubinae 9

Sorubium 9

Spectracanthicina 9

Spectracanthicus 9

Sperata 398, 400^03, 413, 416, 420, 421

acicularis 400, 403, 408, 410, 413, 417, 421

aor 400,401,403,408,410,412,413,
415-417,420,421

aorella 400, 403, 4 1 0, 4 1 3, 4 1 5^ 1

7

sarwari 421

seenghala 403,408,410,412,413,
415-417,420,421

vittata 401

Sphagemacrurus 2 1 0, 2 1

2

grenadae 212

hirundo 212

pumiliceps 11 4, 2 1 0-2 1

2

nc/?araf/ 210,212

Spicomacrurus 175,176

Squalogadus 234

modificatus 113,234

Stachyptilum 25,41

dofleini 41

macleari 41

superbum 4

1

Stegophilina 10

Stegophilus 1

Stephanoptilum 33

Stichoptilum 33

Struthiopteron 33

Stylatula 22,25,31,41
antillarum 41

brasUiensis 41

darw'ini 41

diadema 41

elegans 41

elongata 46

gracilis 46

kinbergi 46

lacazi 46

polyzoidea 46

Stylobelemnoides 33

Stylobelemnon 33

S'vflva 33

Svavopsis 33

Synodontini 1

Synodontis 1

T
Tabascina 483

Tachysurinae 10
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Tachysurus 1

Thamnophis 311, 325

atratus 311, 312, 314, 320, 321, 324, 325,

327, 328, 332, 334

atratus aquaticus 31 1, 312, 314, 321, 323,

324, 332-334

atratus atratus 3 1 1 , 3 1 2, 3 1 4, 3 1 5, 320, 32 1

.

323-325, 329, 330, 332-334

atratus hydrophilus 3 11 , 3 1 2, 3 1 4, 3 1 5, 320,

321,323-325,330,332,334
atratus zaxanthus 328, 330, 332-334

couchii 311,320,321,327
elegans 311,312,315,320,321,327
elegans aquaticus 333

elegans nigrescens 321

elegans terrestris 315, 320, 327, 334

gigas 311

hammondii 311, 327, 328,

ordinaides 3 1

1

sirtalis 330

sirtalis fitchi 323, 328

sirtalis pickeringii 321

Thesioides 33

Thuridilla AAl

Torpedininae 10

Torpedo 1

Trachelyopterini 1

Trachelyopterus 1

Trachonurus 108,112,114,212,218
gagates 212,213,218,219
robinsi 212

sentipellis 112,212,213,216,218
villosus 212,213
yiwardaus 217-219

Trachyrincinae 234

Trachyrincus 1 1 3, 234

longirostris 234

Trichogenes 1

Trichogeninae 10

Trichomycteridae 5, 6, 8-10

Trichomycterini 1

Trichomycterus 1

Trichoptilum 33

Tridens 1

Tridentinae 10

u
Umhellaria 33

Umbellula 25,31,33,46
durissima 46

encrinus 46

huxleyi 46

lindahli 46

monocephalus 46

pellucida 46

spicata 46

thomsoni 46

Umbellularia 33

Umbellulidae 21

Uroctonus mordax 328

V
Vandellia 10

Vandelliini 10

Ventrifossa 108,112-114,219,224
atherodon 233

ctenomelas 228

fusea 223

gomoni 220,221,230
johnboborum 219,221, 223

longibarbata 221,228
macrodon 233

macropogon 1 12, 219, 221, 223, 224, 230

macroptera 233

misakia 223

nigrodorsalis 2 1 9, 22 1 , 224, 228

paxtoni 221,228,230
petersoni 228

rhipidodorsalis 22 1 , 228

saikaiensis 221,230
sazonovi 2 1 9, 22 1 , 229, 23

1
, 233

Veretillum 25,31,46
australis 46

cynomorium 46

leloupi 46

malayense 46

manillensis 46

tenuis 46

vanderbilti 46

Verrilia 33

Verrillia 33

Verseveldtia 337, 362

Virgularia 22, 25, 29, 31, 33, 46

aZ^/'e? 46

brochi 46

bromleyi 46

afe«5a 46

galapagensis 46

glacialis 46

gracillima 46

gustaviana 46

halisceptrum 46

juncea 46

kophameli 46



INDEX 505

loveni 46

mirabilis 46

patachonica 46

patagonica 46

preshytes 47

reinwardti 47

rumphi 47

schultzei 47

tuherculata 47

Vorhlsia 1

Vorhisiidae 10

Vorticella 33

z
Zalieutes 305

CALIFORNIA ACADEMY OF SCIENCES, 2000

Golden Gate Park

San Francisco, California 94 11

8







Wlif


